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THE INSTITUTE OF PETROLEUM. 


An Ordinary General Meeting of the Institute of Petroleum was held at 
Manson House, 26, Portland Place, London, W.1, on Wednesday, December 
10, 1947, Mr. C. Chilvers (Hon. Secretary) in the Chair. 

The Minutes of. the preceding Ordinary General Meeting, held on 
November 12, 1947, were read, confirmed, and signed. 


THE CHAIRMAN: This paper we are to hear to-night records the results 
of an extremely painstaking investigation made in the laboratories of the 
Motor Industry Research Association. I am sure it is quite unnecessary to 
stress the close relationship which exists between the motor industry and 
the petroleum industry; the development of the two industries has gone 
ahead side by side during the last 40 years or so, and the fact that the 
petroleum industry has something to contribute to the work of the research 
association is recognized by the appointment of at least four members of 
the petroleum industry, and Corporate Members of this Institute, to the 
council of the research association. Mr E. A. Evans, who would have 
presided this evening if he had not a prior engagement, was chairman for a 
number of years of the~original Automobile Research Committee, and he 
was the first Chairman of the Motor Industry Research Association. Mr 
Evans asks me to convey his apologies and his regrets that he is unable to 
be present here this evening. 

For several years I was privileged to be a member of the original Research 
Committee and am at present a member of the existing Committee and of 
the Council of the Association ; so that I know something of the work that 
goes on in the laboratories on the Great West Road under the direction of 
Mr Fogg, the Director of Research. Mr Fogg has sent his apologies; he 
had intended to be here, but unfortunately has been called away to the 
Midlands. A number of his staff are present, however, and no doubt will 
take part in the discussion. 

We welcome the opportunity to discuss this subject, and we hope the 
meetings of the Institute, and the Institute’s publications, will be considered 
suitable media for publicizing some of the work of the Motor Industry 
Research Association. I am sure the prestige of the Institute and of the 
Research Association will be enhanced by the publication of papers such as 
this in our Journal. 


Mr L. RosEnFELD then presented the following paper : 
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EXAMINATION OF USED ENGINE LUBRICATING 
OILS 


By K. Hitrreicn, J. C. McNicot* (Associate Member), and 
L. RosENFELD,* (Fellow). 


SuMMARY. 


The data presented have been obtained in connexion with a more general 
investigation into oil cleaning, but appear to be sufficiently interesting in 
themselves to be considered separately. A considerable number of used 
engine lubricating oils have been examined. The samples had been supplied 
by operators from many parts of the United Kingdom, and numerous 
physical and chemical tests were carried out on them. The work was 
chiefly concerned with determining the amounts of contaminating matter in 
the samples and obtaining information on the nature of the suspended solids. 

Incidental to the main objective, considerable information has been 
gained with regard to the significance and relative value of the different test 
methods. 

The test methods applied are described in detail and the significance of 
each test is discussed. Results are presented in tabular form and in a 
number of graphs. The influence of various operational factors on oil 
contamination has been examined. Finally, a few methods of test are 
suggested for routine use in checking the quality of used crankcase oils. 


INTRODUCTION. 


THE chemical and physical analysis of used engine lubricating oils was 
undertaken to serve as a basis for general research work on oil cleaning. 
Its main objectives were threefold. Firstly, it was intended to obtain 
exhaustive information on the quantity and nature of contaminating 
matter and products of deterioration likely to be found in used crankcase 
oil. It was considered that such information might give a measure of the 
amount of matter to be removed by a filter in cleaning the oil. The second 
main object of the research was to find the properties of an “ average ” 
dirty oil that could be used as a basis for the development of a standard 
substance for use in testing oil filters. Thirdly, it was hoped to find out to 
what extent the effects of various factors on the deterioration of an oil in 
use in a vehicle engine could be separated. In relation to the latter point, 
the following factors seemed to be important :— 


(1) The type of engine and type of vehicle ; 
(2) The kind of service of the vehicle, including the effect of the type 
of route ; 
(3) The type of oil ;f 
(4) The use of oil and air filters. 
A further point of interest, incidental to the research work, was to 
find out, as far as possible, which method (or methods) of test would be 


most suitable for measuring the amount and type of contaminating matter 
in a used oil, 





* Motor Industry Research Association. 
+ The research was started at a time when additive types of oils were very little 
used in Great Britain. 
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With these objects in view, vehicle operators from amongst the member- 
ship of the Motor Industry Research Association were invited to supply 
} gal. samples of oil drainings, preferably collected from a number of their 
vehicles in order to eliminate peculiarities of individual engines. In a few 


‘ cases samples from single engines were received. The operators were also 


asked to send information relating to the type of engines and vehicles, 
type of route over which the vehicles operate, details of equipment and 
maintenance, and some data on the oil in use. In spite of the difficulties 
due to war conditions, the response of operators was encouraging, and 
thirty-eight sent samples and information. Altogether 107 samples were 
received from areas widely scattered all over the United Kingdom and 
representing widely different conditions of service. 

Apart from the main information gained from this investigation, a con- 
siderable amount of incidental data has been obtained which is of general 
interest and therefore included in the present report. However, in spite of 
the relatively great number of samples examined, caution is recommended 
when generalizing from the results presented. It is not suggested that the 
firms who co-operated by supplying samples and information can necessarily 
be taken as a cross section of motor vehicle operators in the United 
Kingdom. 


General History of Samples. 

The types of vehicles from which the oils had been drained can be seen 
in Table I. This shows that of a total of 107 samples, sixty-one came from 
petrol engine vehicles, thirty-nine from C.I. engine vehicles, and seven from 
drainings collected from both types of engines. While the samples collected 
from petrol engines are fairly evenly distributed among light trucks (twenty- 
two), heavy trucks (sixteen) and buses (fourteen), those from C.I. engines 
came almost exclusively from buses. 

Further data supplied by the motor vehicle operating firms revealed 
(see Table I) that out of sixty-one samples from petrol engines, oil filters 








TaBLeE I. 
Types of Vehicles from which Oil Samples were Received. 
P From | From 
Light ; - 
. Total |engines | engines 
Type of Light | Heavy| and | Mech. . . 
engine trucks | trucks | heavy | horses Buses | no. - = with 
trucks en a + ed 
filter | filter 
Petrol Engines 22 16 6 3 14 61 18 8 
Diesel Engines l 2 i _- 36 39 8 15 
Diesel and Petrol 
Engines : — — 1 — 6* 7 4 3 
Total ‘ 23 18 7 3 56 107 30 26 





























* Including one sample of drainings collected from a fleet of buses, light trucks, and 
heavy trucks. 


. 
had been used in eighteen cases and air cleaners in eight cases. With the 
C.I. engine vehicles, oil filters were used in eight cases out of thirty-nine, 
and air cleaners in fifteen cases. With the mixed samples from C.I. and 
petrol engines the respective figures are : oil filters four out of seven samples 
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and air cleaners three. Of the total number of samples, less than one-third 
came from engines equipped with oil filters and about one-quarter from 
engines with air cleaners. It is interesting to note that the average mileage 
interval between crankcase drainings for the oils from petrol engines is 
3950 miles, i.e., lower than with C.I. engines, for which the average interval - 
is 6350 miles. The frequency distribution of draining intervals is shown in 
Figs. 1 and 2. It may be interesting to compare these values with other 
published data. Shortly before the present research work was started, 
the results of an investigation into oil reclamation practice in Great Britain, ! 
which included information on crankcase draining intervals, were published. 
Only passenger transport practice was examined, and this may account for 
some of the differences between the figures given there and the data pre- 
sented in this report. The average draining intervals found were, for 
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petrol engines, 9800 miles ; for C.I. engines, 4800 miles; and for unspecified 
engines, 6200 miles. There is no doubt that part of the difference between 
these figures and those found in the present work is due to differences in 
“sampling”. With the petrol engines the considerable number of short- 
distance delivery trucks included among vehicles of the co-operating 
operators is probably responsible for the low average figure found in the 
present work. 

Comparing the data with American usage, it is interesting to see that in 
the U.S.A. considerably shorter drainage intervals seem to be common. 
Larson ? gives average crankcase draining intervals for trucks as 2000 miles 
and for buses as 3000 miles. 

Fig. 3 shows that, among the co-operating affiliated operators, the average 
daily mileage of the petrol engine vehicles (fifty-seven miles) was less than 
half that of those with C.I. engines (124 miles). A great proportion of the 
petrol engine vehicles is of the short-distance delivery type and this is 
probably the chief cause for the low average mileage of these vehicles. 
As many as 79 per cent of the operators were reclaiming their sump 
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Sampling. 

The taking of a representative sample of used oil is not simple and can be 
carried out entirely satisfactorily only by a trained person. This was 
realized at the commencement of the present research. However, it was 
not possible to spare a member of the staff of the Research Association 
for visiting all co-operating firms in order to take samples. A paragraph 
suggesting a satisfactory method of sampling was included in the circular 
letter sent to the operators and it is probably fair to assume that the 
sampling was usually done carefully, although evidence was found in one or 
two cases indicating that very little care 
had been taken. 

One difficulty observed when carrying out 
the chemical examinations was the effect of 
time on the products of deterioration. In “ 
view of the great number of samples, the 
work of analysis took a considerable time 
so that it was impossible to prevent changes 
in the samples during storage. These changes 
are different from the mere mechanical 
settling out of suspended matter on standing 
that can be remedied by stirring. They 
were first observed with results from the 
centrifuge test (“‘ Water and Sediment ’’). 
Changes in the sludge-depositing properties 
of used lubricating oils as a result of several a 
weeks storage, have been observed when 





PERCENTACE OF O15 EXAMINED 
$ 
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centrifuging at elevated temperatures, by pot ot 
Daniel, Hargreaves, and Hughes * and may Dany miLeace 
have been the results of similar causes. Fie. 3. 
These authors suggest as explanation that DAILY MILEAGE. 
polar or ionic materials become adsorbed —————— PETROL-ENGINED 
‘“ ” ° " Vv ° 
= “ine carbon” during the long period of = O.12NOINED 


Apart from these effects, sediment formed 
by settling of impurities during storage was sometimes very difficult to 
bring into uniform suspension, especially with oils of high viscosity. In 
such cases sampling was very troublesome so that the reproducibility of 
results was unavoidably affected. 


METHODS oF ANALYSIS. 


It is proposed first to discuss the various methods of test used. One of 
the chief difficulties in selecting suitable methods of tests was the paucity of 
guiding information. Only a few tests are specified for application to used 
oils. For instance, the Standard Methods of the Institute of Petroleum 4 
include tests for Acidity I.P.—1/44, Diluent Content of Crankcase Oils 
(Diesel Fuel Diluent) I.P.—22/44 (Tentative), and Diluent Content of 
Crankcase Oil (Motor Fuel Diluent) I.P.—23/42 (Tentative). 

After consideration based on experience and on published information, a 
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number of tests were selected, and, with one or two exceptions, applied to 
all oil samples received. 

As the majority of the tests are not recognized as standard methods for 
used oils, and as they have involved some modifications to other generally 
accepted methods of test, it has been considered desirable to give details of 
the methods used. 

Several methods have been used for the determination of solid and semi- 
solid materials, chiefly because there is no generally accepted method, 
advantages being claimed for every type of test. The results obtained 
when applying the different tests to any one oil are necessarily different 
because the methods used are partly selective in that either materials are 
precipitated that were originally dissolved in the oil, or materials are 
dissolved that were originally in suspension, while the type of filter used to 
separate the suspended matter from the liquid may have a varying effect 
on the amount of matter retained. 

In view of the heterogeneity of the constituents of used lubricating oils 
the interpretation of test results is difficult. In the following description 
of the methods of analysis an attempt has been made to indicate with 
each test the significance of results obtained, and it is heped that this 
information will help in interpreting the results given. 


TaB_e II. 
Water and Sediment by Centrifuge. 
Effect of Diluent. 





Matter (ml) precipitated from 100 ml of 50/50 mixture 





























Centrifuging time Oil 7A | Oil 7B | Oil 294 Oil 42A 
| ensee Petrol | Benzene | Petrol | ensens| Petrol | Benzene; Petrol 

lhour . 3-0 2-5 >10 10 55 5-5 >10 >10 
2 hours . ° ° . o | 26 146 9-0 75 45 3-5 >10 10 
3 hours . ° ° ° ‘ 1-4 15 7-0 5-5 3-5 3-5 9-0 8-5 
4hours . 1-4 1-5 6-0 5-0 2-8 3-5 8-0 7-0 
5 hours . 1-4 15 | 5-0 5-0 2-6 3-3 6-0 5-5 
6hours . 1-4 1-5 5-0 5-0 2-6 3-3 5-0 5-5 
Water and Sediment,% . | 2-8 30 | 10 10 53 6-6 10 11 
Difference : (% water + sediment | 

using petrol)(% water and | | | 

sediment using benzene) as | 

P of b value , | 7 | 0 | 27 10 











1. Water and Sediment by Centrifuge. 


The procedure is based on I.P. Standard Method No. 75/42, graduated 
pear-shaped glass tubes of 100 ml capacity being used in a centrifuge 
running at 1350 r.p.m. The oil to be examined was diluted 50/50 with 
“Pool” petrol (unleaded supply) in place of the recommended benzole 
in view of the difficulty, at the time, of obtaining sufficient quantities of the 
latter. A series of preliminary tests were made in order to obtain an 
indication of the difference likely to result from this substitution. The 
results are shown in Table II and indicate that the differences between 


























EXAMINATION OF USED ENGINE LUBRICATING OILS, 153 


percentage insolubles obtained when diluted with petrol and benzene were 
0-2, 0, 1-4, and 1-0 for oils 7A, 7B, 29A, and 424A, respectively; which is 
7, 0, 27, and 10 per cent respectively of the values obtained when using 
benzene. The considerable difference in the case of oil 29A may be 
explained partly by the high content of asphaltenes (1-06 per cent) and 
it is suggested that such a difference does not necessarily indicate an error 
arising from the use of petrol. It is supposed that ‘‘ Pool” petrol (lead 
free), being largely paraffinic, has little solvent effect on the oil-insoluble 
asphaltenes whereas these compounds are easily soluble in benzene. 
Consequently, the volume of matter separated when petrol is used as a 
diluent will tend to be higher and may well give a truer indication of the 
total oil-insoluble solids. 

In the main series of tests the duration of centrifuging was limited to 
5 hours as in most cases hardly any further separation occurred after 
4 hours. The results are stated as percentage water and sediment by 
volume. 

Significance of Test—The method gives a rough measure of insoluble 
solid impurities and water. The separated matter is measured by volume 
and the result is therefore dependent upon the closeness of packing of the 
particles. Apparently, as a result of differences in particle size, and possibly 
other factors, contaminating particles from different oils are not packed 
equally closely, so that results are not strictly comparable. Another dis- 
advantage of the method is that with certain oils in which the contaminating 
matter is very finely dispersed—which condition seems to be more frequent 
with lubricating oils drained from C.I. engines—complete separation cannot 
be obtained, even by prolonged centrifuging. The test has, however, the 
great advantage of being simple. 


4 


2. Petroleum—Ether Insolubles. 


The method used in this test is a combination of ““ A Gravimetric Method 
of Determining Insoluble Matter in Used Crankcase Oils,” proposed by 
AS.T.M. Committee D-2,5 and I.P. Standard Test Method No. 6/42 
“ Asphaltenes (Hard Asphalt).’’ The oil was diluted 1 : 10 with aromatic- 
free petroleum ether (boiling between 60 and 80°C), and the mixture 
allowed to stand for 18-24 hours in the dark. The filtration through filter- 
paper recommended in the I.P. Method was considered too tedious and 
consequently replaced by the A.S.T.M. procedure which makes use of an 
asbestos mat in a Gooch crucible. This test can be applied quite satis- 
factorily to all oils with the exception of those containing very fine suspended 
matter that passes the filter. In some cases the addition of a few drops of 
alcohol to the oil-petroleum ether mixture before filtration made the sus- 
pended particles flocculate and prevented them from being carried through 
the filter. 

The amount of suspended matter passing through the filter could also be 
reduced to a minimum by careful and repeated filtration. As little suction 
as possible was applied and special care taken not to allow the filter cake to 
become dry. 

Significance of Test—This test can be considered as giving an indication 
of total oil insolubles plus oil soluble asphaltenes. It comprises, therefore, 
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all inorganic solids, the carbonaceous matter and all asphaltenes, oil soluble 
and insoluble.* 


3. Benzene Insolubles. 


The method of test used for determining benzene insolubles is based on 
I.P. Standard Method No. 53/42 (Sediment in Fuel Oil by Extraction). 
The method has been slightly modified in accordance with a procedure 
suggested by Mr A. T. Wilford ® of the London Passenger Transport Board. 
The arrangement used is illustrated in Fig. 4. An alundum thimble 7, is 
suspended from the condenser coil C, in an inclined position so that the 
condensed solvent (benzene) drips on to the outside of the thimble and part 
of it passes through the pores of the thimble into the oil under examination. 
The inclined position of the thimble thus prevents over-flowing of its 

contents which would tend to occur if the 

standardized vertical arrangement of the 

thimble were used. The extraction is con- 

tinued for 72 hours. The use of an electric 

hot-plate eliminates the need for attention 

and several extractions can be carried out 

simultaneously. The alundum thimbles used 

+ (obtained through the courtesy of Mr Wilford) 

were found to be very satisfactory, except in 

the case of a few oil samples which contained 

very finely suspended matter that passed 

through the pores. 

Significance of Test.—The method gives an 

accurate measure of insoluble solid impurities. 

\ It differs from the petroleum-ether insoluble 

1 method in that it indicates only the inorganic 

solids and the carbonaceous matter. The 
asphaltenes are dissolved by the benzene. 








Fie. 4. 
ALUNDUM THIMBLE ARRANGE- 
nly loo 4. Asphaltenes. 

As stated previously, asphaltenes are defined 
for the purpose of this paper as the petroleum-ether insoluble but benzene 
soluble products of oil deterioration. The usual method of determining 
asphaltenes (see, for instance, I.P. Standard Methods—6/42) is to extract 
the petroleum-ether precipitate with hot benzene by passing the solvent 
slowly through the filter until the filtrate runs colourless. Asphaltenes are 
then obtained by evaporating the benzene, and by drying and weighing 
the residue. The determination of asphaltenes is frequently carried out in 
conjunction with oil deterioration tests. For example, the proposed 





* In agreement with general practice the following definitions of the terms stated 
below have been accepted in the present report :— 


Resins are the first products of oil deterioration. They are soluble in oil and are 
not precipitated by petroleum ether. They can be separated by adsorption. 
: Asphaltenes are formed on further deterioration. They are only partly soluble in 
oil, insoluble in petroleum ether, but completely soluble in benzene. 
Carbonaceous Matter consists of still higher products of deterioration and may include 
carbon particles. It is suspended in the oil as solid matter and is insoluble in benzene, 





luble 





EXAMINATION OF USED ENGINE LUBRICATING OILS. 155 


AS.T.M. Method of Test for Oxidation Characteristics of Heavy Duty 
Crankcase Oils includes a test for asphaltenes.® 

In the present work asphaltenes have been determined in a different 
manner. The percentages of petroleum-ether insolubles and benzene 
insolubles were determined as described in the preceding paragraphs, and 
the asphaltene content was calculated as the difference. This method was 
chosen as it seemed to have some advantage over the generally accepted 
method. A separate benzene extraction of the used oil eliminates the 
necessity for a second determination of petroleum-ether insolubles. In the 
I.P. Standard Method for determining asphaltenes ‘ no opportunity is given 
for separately measuring the petroleum-ether insolubles. This is provided 
in the A.S.T.M. Method for determining petroleum ether-insoluble matter 
soluble in chloroform.’ In this method the residue obtained after washing 
with petroleum-ether, is dried, weighed (for determining total petroleum- 
ether insolubles) and then treated with chloroform. The time and tempera- 
ture of this drying affects the solubility of the residue in chloroform and 
careful control is recommended. This possible cause of inaccuracy is the 
reason why a similar modification of the I.P. Standard Method to give simul- 
taneously petroleum-ether insolubles and benzene insolubles was not 
considered advisable. 

In an attempt to check upon the probable effect of the thimble method on 
asphaltene results a comparative test was carried out on oil No. 29A. The 
benzene insolubles were 0-73 per cent by the thimble method, and 0-83 
per cent when the I.P. procedure of washing the petroleum- ether insolubles 
with benzene was used. Although the difference is small the results tend 
to support the supposition that the thimble method is more efficient in 
dissolving the benzene soluble compounds. Consequently, with the 
thimble method a higher content of asphaltenes is lik ely to be obtained. 

Frequently the asphaltenes are determined as the chloroform soluble part 
of petroleum-ether insolubles (see, for instance, the A.S.T.M. Method men- 
tioned above and a recent paper by Davis’) and it is sometimes assumed 
that the results of chloroform extraction of the petroleum-ether insolubles 
are similar to the results of benzene extraction. As a matter of interest, the 
effects of the two solvents were examined. Two samples of the petroleum- 
ether insoluble part of oil No. 29A were prepared. One sample was used to 
determine the benzene solubles and insolubles, whereas the other was 
extracted with chloroform (see Table III). The lower value of the chloro- 


Taste III. 

Solvent Action of Benzene and Chloroform on Petroleum-Ether Insolubles. 
Petroleum-ether insolubles, % by weight F 1-80 
Benzene solubles of petroleum-ether insolubles, % by woight , . 0-90 
Benzene insolubles of "pice ti -ether insolubles, % by weight . 0°83 
Chloroform solubles of petroleum-ether insolubles, % by weight ~ 15 
Chloroform insolubles ef petroleum-ether insolubles, % by weight . 0-56 


form insolubles (0-56 per cent) as compared with the benzene insolubles 
(0-83 per cent) shows that chloroform dissolved some of the more highly 
oxidized deterioration products in addition to the asphaltenes (in the 
sense in which this term is used in the present report). 
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5. Sludge by Hot Filtration. 

The method used for this test is based on a combination of methods given 
by Barton and Thornycroft,? and Ebrey.® A Biichner funnel F (see 
Fig. 5) with an asbestos mat M is used and filtration is carried out under 
pressure. This has the advantage that little of the low-boiling fractions 
(fuel diluent) is lost. The Biichner funnel is placed inside a metal heating 
block B, and a lid carrying a thermometer 7’ and a union U for the com. 
pressed air supply is screwed on with a rubber gasket G to give an air-tight 

connexion. The temperature is brought 

up to between 70 and 80° C and filtration 

carried out at 6 to 8 p.s.i. pressure. The 

filtration of 100 ml of used oil takes be- 

at tween 2 and 5 hours, depending upon the 

degree of contamination and the viscosity 

1 of the oil. The residue is washed free 

from oil by means of petroleum ether, 

dried at 110° C, and weighed. This 

weight is calculated as a percentage of 

the original weight of contaminated oil 

and is called sludge. The filtered oil is 
available for further examination. 

On oils containing a high percentage 
of very fine suspended particles which 
passed through the filter either com- 
pletely or partially, sludge determination 
—_ r from a single filtration was impossible 
— Sa or could only be carried out with little 
at g accuracy. Better results were obtained 
by repeating the filtration using the same 
asbestos mat. 

Significance of Test.—This test indi- 

“ cates the total amount of oil-insoluble 
J matter present in used oil at elevated 



































temperature. As the temperature of 

test is similar to that occurring in an 

Fie. 5. engine and petroleum ether is used only 

BUCHNER FUNNEL FOR HOT to wash the separated sludge oil free, 

ee the results of this test are probably 

more representative of actual suspended matter than those from any 
other test. 





6. Undissolved Sludge. 


The method is based on a procedure developed by Levin and Towne ™ 
who define “ undissolved sludge” as the difference between matter pre- 
cipitated from a used oil by a specified solvent, and matter precipitated 
by the same solvent from the same oil filtered. According to Levin and 
Towne, the lower boiling paraffin hydrocarbons are the poorest solvents for 
oil-insoluble matter, i.e., they are the least likely of hydrocarbons to 
dissolve any compounds suspended in oil. Therefore, they used pentane 
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which is the lowest boiling paraffin hydrocarbon they could conveniently 
handle. However, they also state that any other solvent may be used 
provided that it does not dissolve the “ undissolved sludge ”’, t.e., matter 
suspended in the oil. In the present work, petroleum ether (as specified 
previously) was chosen, chiefly because it makes it possible to use the 
results of the determination of petroleum-ether insolubles which means a 
considerable economy in time. 

Levin and Towne filtered the oil in a glass tube of 17 mm diameter and 
about 500 mm length, containing 100 to 125 mm depth of cotton wool 
packed tightly at the lowerend. The temperature was maintained between 
65 and 75°C. Filtration was by gravity only, and was therefore very slow. 

The hot filtration method provides a quicker means of obtaining filtered 
oil, and also gives direct information on the amount of oil-insoluble matter, 
i., practically the same results as are given by the undissolved sludge 
method, in a very much simpler way. Consequently, the hot filtration 
method was used:as a general method and the determination of undissolved 
sludge was applied only to a few oil samples in the earlier stages of this 
research work. 

Significance of Test.—Undissolved sludge is, according to Levin and 
Towne, the non-oily constituent of used oil, i.e., it is a measure of that 
part of “‘ sludge” (in the sense in which this term is frequently applied 
to the petroleum-ether insolubles) that is not dissolved by the oil. Accord- 
ing to this definition, undissolved sludge data might be expected to be 
similar to the results obtained by hot filtration. Results of the present 
work show that this is generally the case. On account of the difficulty of 
complete filtration the results of the test for undissolved sludge are affected 
by the presence of very fine dispersed matter in a similar way to that men- 
tioned earlier in connexion with other tests. 


7. Spot Test on Filter-Paper. 


Feigl 12 mentions the suitability of the spot test method for showing 
the difference between new and used mineral oil. Holde !* recommended 
the spot test (‘‘ Fettfleckprobe ’’) as a preliminary check upon the cleanliness 
of a new oil. The procedure employed in the present work is similar to 
the method indicated by Smith, Johnson, and Munter,!* who used this 
method to follow the performance of oil filters in cleaning used oil, and in 
maintaining in a clean condition, oil to which sludge was added at a constant 
rate. In this method a glass rod with a rounded tip is dipped into the oil. 
When the oil begins to drip slowly the tip of the rod is placed over the 
centre of a piece of filter-paper and one drop is permitted to fall on the 
paper. Any dirt or sludge in the oil shows up as a dark area in the centre 
of the oily spot formed. 

Frequently the central dark spot is surrounded by a ring of lighter grey. 
This ring is surrounded by another ring which is transparent, but tends to 
be slightly brownish at its inside, turning lighter towards the outer edge. 
The brownish tinge may be an indication of the resin and oil soluble 
asphaltene content of the oil. The outsidé diameter of the oily spot is 
related to the volume of the drop and the type and thickness of the paper, 
but it increases with time at a rate that seems chiefly to depend on viscosity. 
With the same type of paper the diameter of the dark spot is influenced, 








158 HILFREICH, MCNICOL, AND ROSENFELD : 


apart from drop volume and oil viscosity, by the amount of contaminating 
matter present in the oil and by the degree of dispersion of insoluble matter, 
Throughout the tests the same type of filter-paper and the same glass rod 
were used. 

Significance of Test.—This is a very rough test, but it has the advantage 
of great ease and simplicity. When comparing different oils, caution 
will be advisable in drawing conclusions, but when applied to the same oil, 
results seem to be more satisfactory. Smith, Johnson, and Munter 3 
obtained quite good results, and Fairburn employs the test as a check 
upon the deterioration of crankcase oil of diesel engines in shunting loco. 
motives, using it with the aid of “ standard charts ” as an indication of 
when the filter element should be changed. 


8. Ash Content. 


The method used was I.P. Standard Method No. 4/42. 

Significance of Test.—According to Davis,’ ash determined by this 
method includes the non-volatile inorganic matter, a portion of the volatile 
lead compounds * and a portion of the oil soluble metallic manatees 
(soaps, addition agents, etc.). 


9. Analysis of the Insoluble Inorganic Matter. 


It was decided that, in addition to evaluating the total amount and 
particle size distribution of the inorganic material present in a used oil, some 
estimation of the variety of materials present should be made. Since the 
oils were undoped, and the fuels non-leaded (with one exception), no 
measurement of acid radicles was considered necessary. 

Initial Treatment of the Oil Sample.—Used oils contain only up to about 
0-2 g of ash per 100 g of oil. It is an advantage therefore to concentrate 
the material required for analysis. The simplest method to do this is by 
burning off a known weight of oil. The non-volatile residue remains and 
may be analysed. There are two objections to this method: (a) volatile 
metals and volatile metallic compounds are lost; (b) oxides of iron and 
aluminium are often produced in a form which is very insoluble in acids. 
The customary ashing at low temperature, #.e., not burning off all the 
carbon, decreases these objections but does not rule them out. 

It was thought also that extracting an oil sample directly with acid 
would not be very satisfactory because (a) silica is not taken into solution 
and would be rather difficult to recover from the acid—oil mixture, (5) diffi- 
culties might be experienced in achieving complete extraction since the 
inorganic particles are probably covered with an adherent adsorbed layer of 
organic material and are also in small concentration, (c) soluble organic com- 
pounds might be formed which would tend to cause difficulties in some 
stages of the analysis. 

Since some experience with centrifugal concentration with solvents 
had been gained it was believed that this method would prove 
satisfactory. 





* In view of the samples (with one exception) having been collected before the 
introduction of leaded ‘‘ Pool ” petrol, this does not affect the present results, 
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Points in favour of preliminary centrifugal separation are :— 


(a) The metallic material is washed free from most of the oily organic 
material and becomes therefore more likely to dissolve in acid ; 

(b) In contrast with the ashing procedure, no acid insoluble com- 
pounds are formed ; , 

(c) As in the ashing process, the metallic material is concentrated. 


Points against centrifugal separation are :— 
(a) Oil soluble metallic compounds are lost (not a drawback in the 
present research) ; 
(6) A portion of the fine particles is possibly lost ; 
(c) Some oils are very difficult to centrifuge without the addition of a 
t . 


(d) Large amounts of carbonaceous matter are still present in the 
residue. 


In view of these considerations the following initial treatment was 
adopted. A well-mixed sample of the used oil was transferred to a clean, 
dry, 16-oz oil sample bottle and weighed. As much of this oil as would be 
necessary to give at least 0-10 g of ash was used, although it was only 
possible to centrifuge 50 ml at a time since each 50 ml had to be diluted 
with an equal volume of either filtered lead-free petrol or 60/80 petroleum 
ether, together with a few drops of triethanolamine to cause coagulation. 
When the correct volume of oil sample had been added, the oil sample 
bottle was reweighed to give the weight of the oil sample used. 

It was found that the following solvents had to be used in successive 
stages in the centrifuging process. In all cases 50 ml of diluent were 
used :— : 


(a) Petrol (with the addition of triethanolamine if necessary) ; 
(b) Acetone ; 
(c) Benzene. 


In each case centrifuging was continued until a clear liquid was obtained. 
If the benzene treatment gave a strongly coloured solution it was repeated. 
It was believed that the first stage removed the bulk of the oil present, the 
second stage removed water together with some oil oxidation products, 
while the third stage removed further oil oxidation products. 

Method of Analysis.—It ‘was desirable that the system of analysis used 
should give fair accuracy and yet be reasonably fast and simple in operation. 
The details given below describe the means by which silica, lead, copper, 
antimony, iron, aluminium, zinc, calcium, and magnesium were separated 
and estimated either gravimetrically or colorimetrically. 

In order that the analysis might be carried out on one sample a scheme 
based on the usual qualitative analysis system was used. Also, where 
difficulty was to be expected in separating small amounts of metal of a 
like nature, they were weighed as a composite. A diagrammatic outline 
of the method of analysis is shown in Table IV while details of the analysis 
are given in an appendix to this paper. 

Expression of Results—The results of the analysis may be expressed 
either on the basis of the original oil weight or on the basis of the total 
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TaBLeE IV. 
Outline of Chemical Analysis of Inorganic Solids. 
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inorganic contaminating matter present. The latter method is probably 
to be preferred’ since the main information required is the relative propor- 
tions of the different constituents present. The state of chemical combina- 
tion of each of the separate materials present in the oil is unknown, although 
in view of the use of undoped oils and unleaded fuels the state probably 
lies between the metallic and the fully oxidized. The calculated fraction 
of each constituent will vary a little, depending on which original state is 
assumed, but the variation is only likely to be appreciable with the lighter 
elements, ¢.g., magnesium. 

A check on the analysis is provided if the results are expressed as oxides 
since the total of the analysis should bg close to the direct ignition ash 
yield. 

: The results are therefore expressed as percentages of the inorganic 
material present, each metal being assumed to be present as its most 
common oxide. 

Significance of Results.—It might reasonably be expected that the results 
of the analysis of inorganic matter should be related to the operating 
conditions of the vehicles in which the oil was used and, in particular, to the 
metals present in the engine and likely to be attacked by wear and/or 
corrosion. 

In view of the general lack of correlation of test results with operating 
conditions and the complexity of the test method only a limited number 
of oil samples were analysed. 


10. Particle Size Distribution of Solid Inorganic Particles. 

The method by which this test was carried out has been described in a 
recent report.15 In view of the tedious and complicated method of test, 
this examination also could be applied only to a limited number of used 
oils. 

Significance of Results.—As the test is new, its significance and worth are 
open to debate. It is believed that it represents a fair evaluation of the 
sizes of unit particles and strongly bound aggregates of the inorganic 
material which are likely to be abrasive. There is no doubt that results 
of the particle size measurements are of considerable interest in connexion 
with oil cleaning. First, they indicate the size of solid particles that may 
be found in used oils, and with bearing wear tests 1° they may permit certain 
conclusions to be drawn as to the wear that may be caused by used oils. 

The results of the microscopical examinations also indicate the sizes of 
particles to be separated by oil filters. They will, therefore, also be of some 
help in developing a reference fluid for use in oil filter tests. 


1l. Carbon Residue 


The I.P. Standard Method No. 13/42 “Carbon Residue (Conradson 
Method) ” was used. 

Significance of Test.—This test gives the amount of carbon residue left 
after pyrolysis and is intended to throw some light on the relative carbon- 
forming propensity of the oil. It has been primarily developed for use with 
new oils. It is a quick and simple test, and this probably explains why it is 
still widely used in spite of certain drawbacks. The Conradson carbon 
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test is also frequently applied to used oils. For example, it is included in 
the Proposed A.S.T.M. Method of Test for Oxidation Characteristics for 
H.D. Crankcase Oils,> and has been used recently by Smith, Johnson, and 
Munter,!° and by Davis, Lincoln, Byrkit, and Jones.17_ It is probably right 
to say that the Conradson carbon test, correctly interpreted, has a certain 
value in judging the degree of deterioration. The matter obtained includes 
all the inorganic solids contained in the oil with the exception of a small 
proportion of compounds that may have distilled off. In addition, highly 
deteriorated carbonaceous matter (originally contained in the oil), probably 
together with some asphaltenes, contributes towards the formation of the 
residue. o 

One serious disadvantage has been stated to be that metallic and other 
compounds used as additives to decrease engine deposits increase Conradson 
carbon residue test values.18 However, as remarked before in connexion 
with other tests, this drawback did not exist with the oils dealt with in the 
present report as, with one or two exceptions, all oils were of the straight 
mineral type. 


12. Light Extinction Coefficient.* 

This method of examination of used oil has been developed on the basis 
of procedures given by Parson and Wilson *° and by Ferris and MclIlvain.*! 
Use was made of capillary cells which permit a thin oil layer of known 
uniform thickness to be obtained, the light-obstructing effect indicating 
the amount of contaminating matter present in the oil. Considerable 
difficulties were encountered initially as the oil film, in spite of its thinness, 
appeared grey when compared with the reference solution, a mixture of red 
cylinder oil and water-white paraffin. Several colour filters were tried, 
but were not successful. The use of green monochromatic light, using a 
cupric chloride solution as a filter, as recommended by Ferris and McIlvain 
seemed to offer a solution by eliminating the differences in colour tint. 
The cupric chloride solution was tried and found satisfactory, but its use in 
connexion with the available colorimeter was complicated. It was found 
that a Wratten 62 filter in conjunction with a Chance Bros.. ‘ Signal 
Green” glass filter 0-095 in thick had a similar light transmission, and 
these two filters were therefore used in the examinations. 

In the method finally adopted the oil is placed in a capillary film cell the 
thickness of which is chosen according to the darkness of the oil. The 
amount of light transmitted through the thin layer of the oil under examina- 
tion is compared with the light transmitted—from the same source— 
through the reference oil solution, the depth of which is varied until both 
light intensities are equal. Capillary cells of 0-25, 0-10, and 0-05 mm 
thickness are available. In choosing the thickness of the capillary cell, it 
has to be considered that whenever possible the match should be obtained 
within a limited range of depths of the reference oil solution (between 
5 and 20 mm), i.e., at a colour intensity at which a sharp match is easily 
obtained. 





* Light extinction coefficient is the optical density of 10 mm length of column of a 
light-absorbing material. Optical density is the common logarithm of the reci rocal 
of light transmission, a density of 1 corresponding to a transmission of 0-1 or 10 per 
cent./* 
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The extinction coefficient used is based on the known light transmission 
of a neutral glass filter, Wratten No. 96 having an optical density of 0-3. 
As a measuring instrument, an ‘‘ Ogal”’ drum-reading plunger-type colori- 
meter is used. The extinction coefficient of the reference oil solution is 
calculated as Kp = x os 

Ry 
reference oil in mm when matched with the neutral filter. In the present 
work 7',, was 5-3 mm and accordingly Kz = 0-56. The extinction coeffi- 
Kr: Tr 

Tx ’ 


per cent, where 7',, is the depth of the 





cient Ky of the oil under examination was calculated as Ky = 





" where T x is the thickness of the layer of the oil examined and 7’, is the 


depth of the reference oil when the two light intensities are matched. 

Very dark oils could be examined in the 0-05 mm capillary cell only, 
the thinnest available, but most of the oils have been examined at two 
film thicknesses. If extinction coefficient data measured at 0-05 mm are 
plotted against those measured at 0-10 mm thickness for a number of oils, 
the results are scattered, with one exception, within + 13 and — 7 per cent 
from the ideal line of coincidence. When results obtained at 0-25 mm film 
thickness are compared with those at 0-10 mm, the points fall, with very 
few exceptions, between the two enveloping lines so that the accuracy is 
practically the same. Consequently, it appears that Beer’s law * holds for 
used crankcase oils. 

Significance of Test.—This test was developed with the view of obtaining 
a method which could give quick results indicating the amount of insolubles 
present in a used oil. It should only be applied where not very accurate 
data about the insoluble contents are required. In comparison with the 
“spot test ’’ it can almost be considered as a quantitative test. 


13. Water Content. 


I.P. Standard Method 74/72, for water content of petroleum products, 
has been used. 


14. Diluent Content. 

The dilution of oils from petrol engines was determined by the I.P. 
Standard Method [Diluent Content of Crankcase Oil (Motor Fuel Diluent), 
I. P.—23/42 (T)]. 

The dilution of compression ignition engine oils has also been determined 
by the appropriate I.P. Standard Method [Diluent Content of Crankcase 
Oils (Diesel Fuel Diluent), I.P.—22/42 (T)]. In view of the low accuracy 
of the test this has been applied only to a limited number of selected oils. 


15. Resin Content by Decolorising Clay. 

This examination is based on a method given by Suida and Péll 2? and 
Noak.23 The test was carried out on the filtrate obtained in the determina- 
tion of the petroleum-ether insolubles. This filtrate was further diluted 
with petroleum-ether to a known volume, and the amount taken for clay 





* For the present purpose it follows from Beer’s law that for a given percentage of 
light transmitted the concentration of the light absorbing medium in a given liquid is 
inversely proportional to the depth of liquid inspected. 

M 
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treatment was varied according to the resin content, for which the darkness 
of the solution is a rough indication. By this means the amount of filter 
clay required for decolorising the solution could be maintained reasonably 
constant, which is an advantage. The clay (‘‘ Fuller’s Earth for Adsorption 
Purposes ”* supplied by British Drug Houses Ltd.), was added in several 
portions, and after each addition the vessel was put in a mechanical shaker. 
After the last addition and shaking, the vessel was left standing for about 
l hour. Thereupon, the earth was filtered off and carefully washed com- 
pletely oil-free by means of petroleum ether. A sintered glass filter was 
used and the petroleum ether was added in portions, well stirred into the 
earth, and then drawn off. The clay was considered oil-free when a drop 
of the petroleum-ether filtrate evaporated on a ground glass plate did not 
leave an oily ring. Thereupon the clay was extracted with chloroform. 
In the first test this was carried out cold, as suggested by Suida and Poll. 
This was very tedious, and it was, therefore, replaced by hot extraction 
using a soxhlet extraction apparatus. Results were slightly lower than 
with cold extraction, but reproducibility was better. The percolation was 
usually carried on for 8 hours and chloroform left in the soxhlet apparatus 
overnight. If, in the morning, the liquid in the soxhlet apparatus had 
again a yellowish tinge the hot extraction was resumed and continued for a 
few more hours until the liquid ran off colourless. Finally the chloroform- 
resin solution was collected in a weighed flask, the chloroform distilled 
off and the resin residue dried at 100° C until constant weight was obtained. 

The clay adsorption method of determining the resin content has been 
applied to a number of oils and, after initial difficulties, has given quite 
satisfactory results. However, the method is rather elaborate, and, 
considering that the present research is primarily concerned with the 
mechanical aspects of filtration, other effects being of secondary importance, 
so far as abrasive wear is concerned, it was decided to apply the test only to 
a limited number of oils. 

Significance of Test.—The estimation of the resin content gives the amount 
of early deterioration products which are soluble in oil but not precipitated 
by petroleum ether. 


16. Acidity (Neutralization Value). 


Total acidity has been determined by I.P. Standard Method 1/42 slightly 
modified according to the A.S.T.M. Standard “ Tentative Method of Test 
for Neutralization Number of Petroleum Products by Color Indicator 
Titration ” *4 where it is suggested that an equal volume of distilled water 
should be added to the oil-alcohol mixture just before titration. This 
facilitates observation of the end point of titration, when highly con- 
taminated and therefore very dark oils are examined. 

Significance of Test.—Acidity is a composite measure of the total in- 
organic and organic acids contained in a given oil. While, in a new oil, 
inorganic acids ought to be—and usually are—entirely absent, used oils 
may contain them in measurable amounts.*5 The different organic acids 
likely to be found in used oils have greatly varying corrosion effects * 
so that the acidity expressed in mg KOH per g of oil is only a very rough 
measure of corrosive action. Acidity tends generally to rise in the course of 
deterioration of an oil. At first, this rise is quite rapid, but later becomes 
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slower, or acidity may even become fairly constant.17 Consequently 
acidity alone cannot be taken as a measure of oil deterioration. 


17. Saponification Number. 


Saponifiable matter was determined by means of a modified I.P. Standard 
Method 52/42 (T) Method A. 

For the present purpose the refluxing time was reduced from 3 hours to 
30 minutes according to the A.S.T.M. Standard “ Tentative Method of 
Test for Saponification Number of Petroleum Products by Color Indicator 
Titration ”.24 Owing to the darkness of the oil samples under examination, 
the end-point of the titration was, in almost all cases, very difficult to 
observe. An addition of about 50 ml hot distilled water before starting 
titration, as in the acidity determination, was quite helpful. A further 
improvement was achieved by introducing phenolphthalein paper as an 
external indicator as suggested in A.S.T.M. “ Report of Sub-Committee IV 
on Acid and Saponification Number and Unsaponifiable Matter.” °° 

Significance of Test.—The saponification number is an index of fats or 
fatty oil contained in a new oil. Applied to used oils, it gives an indication 
of anything that reacts with alkali, which might include acids, resins, 
esters, and other oxidation products and certain metals. While it is possible 
that, under certain controlled conditions, saponification number may give 
an indication of oil deterioration, in general results should be judged with 
caution. 


18. Viscosity and Viscosity Index. 


Viscosity has been measured in centistokes at 100 and 170° F (38 and 
77° C) according to I.P. Standard Method C. 71/42 by means of U-tube 
viscometers B.S8.S. No. 188—1937. The second temperature (170° F) was 
chosen in place of the usual 210° F to avoid loss of fuel diluent during the 
determination. In view of the content of insolubles the oil samples had 
to be filtered before the viscosity could be measured. For convenience the 
oils filtered at 70 to 80°C in the “ Sludge by Hot Filtration” test were 
used. It is not likely that resins and similar polar compounds were lost 
by adsorption to the asbestos mat to any appreciable extent, and the 
viscosities measured may, therefore, be considered as sufficiently representa- 
tive of the viscosities of the oils after removal of the solid impurities. 
The viscosity curves were extrapolated on A.S.T.M. viscosity-temperature 
charts and the figures at 210° F used for the calculation of viscosity index. 

Significance of Test.—Viscosity is generally assumed to be the most 
significant property of a lubricating oil. It usually changes during use 
in an internal combustion engine. If such changes become excessive the oil 
may be unable to perform its duty. 

Viscosity is greatly affected by resinous matter and oil soluble asphalt- 
enes. If the oil is not diluted by engine fuel an increased viscosity will 
give a certain indication of the deterioration of an oil. However, as fuel 
dilution can never be completely excluded, and furthermore, as even a small 
percentage of fuel in the oil reduces viscosity quite considerably, caution 
is recommended in using changes in viscosity as an indication of oil 
deterioration. 
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The viscosity index indicates the rate of change of viscosity with tempera- 
ture by comparison with two selected oils to which the indexes 0 and 100 
have been assigned. A high viscosity index indicates a low temperature 
susceptibility. In a new oil the figure may usually be related to oil type, 
but in a used oil, deterioration and fuel dilution make it of limited value. 


19. Specific Gravity. 


This was measured by means of the pyknometer (specific gravity bottle) 
(I.P. Standard Method 59/42). 

Significance of Test.—Although there seems to be a tendency in used oils 
of the same origin for an increase in insoluble content to be followed by an 
increase in specific gravity, variations are very small and other factors may 
have an effect, so that specific gravity data do not permit any conclusions 
to be drawn. 


DISCUSSION OF RESULTS. 


A number of attempts have been made to find a correlation between the 
results of the chemical and physical tests, on the one hand, and, on the 
other, the data supplied by the vehicle operators on the type of service the 
oils have undergone. However, no general conclusions could be drawn, 
except for a confirmation of the well known difference between used oils 
from petrol and C.I. engines, the latter having a considerably higher content 
of carbonaceous matter. This tendency probably has been accentuated in 
many cases by the longer sump draining intervals of the C.I. engined 
vehicles. 

The cause for the apparent lack of correlation between service and 
analytical data of the oils is undoubtedly the great number of uncontrollable 
factors which have a bearing on oil deterioration, even with vehicles of 
similar type operating on the same kind of service. For instance, variations 
in the state of repair of vehicles have a very great effect on oil deterioration, 
and may easily outweigh other factors of operation, even with identical 
types of vehicles. The great number of factors influencing the deterioration 
of an engine lubricating oil seems to be generally recognized. Larson, for 
instance, stated recently that the oil is only one of fifty-seven factors affect- 
ing crankcase draining periods * the latter being influenced, of course, by 
the rate of oil deterioration. 

The results of the chemical and physical examinations are presented in 
Table V. In view of the great number of data two ways of approach 
are open when discussing them. The one is to pick individual cases that 
are similar in certain respects and to try to find out whether there is any 
correlation between the known variables. The other way is the statistical 
method by which a great quantity of data may help in eliminating unknown 
factors. In the discussion of the test results which follows, either of these 
two methods of approach has been applied as and when found suitable. 

The general tendency of C.I. engine oil to become more heavily con- 
taminated than petrol engine oil is confirmed in the case of the relevant 
analyses, when the data are shown as frequency curves. For example, 
Fig. 6 shows frequency curves for petroleum-ether insolubles, and Fig. 7 
for ash content. It is quite apparent in these graphs that the C.I. engine 
oils are contaminated to a much higher extent. 
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Properties of a Standard Dirty Oil for Testing Oil Filters. 


With respect to the amount of matter to be removed by filtration, some 
information may be obtained by using the dirt content of oils from vehicles 
not equipped with oil filters. The amount of dirt may be expressed as 
petroleum-ether insolubles, accumulated during, say, 1000 miles running. 
These results are shown in Fig. 8 for petrol and C.I. engines separately. 
From these data the average rate of increase of dirt concentration has been 
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FREQUENCY DISTRIBUTION OF PETROLEUM FREQUENCY DISTRIBUTION OF ASH 
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found to be for petrol engines 0-27 per cent, and for C.I. engines 0-50 per 
cent petroleum-ether insolubles per 1000 miles travel. 

The average values from Fig. 8 have been used in an attempt to calculate 
the rate of dirt accumulation for an average engine. Assuming a C.I. 
engine with a crankcase capacity of, say, 1 gal the weight of dirt accumu- 
lated in 1000 miles driving is 20 g petroleum-ether insolubles. At an 
average driving speed of, say, 20 m.p.h. the rate of dirt accumulation in the 
crankcase works out at 0-4 g per hr. 

The dirt accumulation of a comparable average petrol engine is about 
50 per cent of these figures, i.c., 0-2 g per hr. These values are very 
interesting with regard to the minimum rate at which dirt should be 
removed by a filter element. 
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Note 1.—S.L, Petrol e; O.L, os engine. 
Note 2.—0. D., Co drai 8.H., Single ay 
Note 3. —L.T., a trucks; H.' ” Heavy trucks ; 
Note 4.—T., Town; C., Country; L., Level; H., iy L, L. Inland; 8., Sea. 
2 H | i i 
. a a 
3 i » | 8 g § B: $3. | 5 
8 3 a 8 3 ue 5 agp - 
3 = oO ~ ° 32 
a SAL teal os © 2 3 a er > so. | o8e | 35 
2 S4] 48 | Se 3? a S| 3s] 4 Bee | oes | sy? 
= | 8s| es g 4 a | & a3 a $ 
i |be|ge| be] | Fe | = || 3| de | a3 | ase | saa | BR 
& ai 4 & =< < 3} 3 SG | a § as 8% 
rapt} — | —|] — ] — — _ —|-|- —- _ — = 
1(aAIDT|] — _ -- -- ae od —_ _ _ _- _ _ 
1(AITD) | OT. | C.D. B 300 | T., o- H., — Yes | No _— 4,000 P.E.F. I1aD R. 
1@pD 8... | S.E. B. 200 t + a H., _ Yes | No _- 4,000 — I(BIIh N. 
= af 
1(BID | OL. | SE. B. 200 | T.,C.,H., ae Yes | No _ 2,000 -- I(BIID N, 
L., L, 8. 
1@anmn; — — — — ae - -- = os 7 a _ 
1(cD OL. | OD. B. 267 |0.,H.,8 — Yes | No — f 2,500 — F N. 
I(cIhn 
Sem fae bt — J = na na Bek pas ee sat ee = 
3 (A) 8.I. | O.D. B. 85 | T.,L.,I -- No No _ 2,500 P.E.F. — N. or B. 
3 (B) 0.1. | O.D. B. 85 | T.,L,1 a No No — 2,500 P.E.F _ N. or B. 
5 (A) O.1L, | C.D. 5 238 (TF. Ef Black Yes | Yes 5,000 5,000 O.M. U R. & N. 
8.1, country v 
5 (B) O.1L, | C.D. B 113 | T.,C., L.,) Semi- Yes | Yes 5,000 5,000 O.M. U BR. & 8. 
&.1. 3. industr. Vv 
area 
5(C) C.1., | O.D. B. 120 | T.,C., H., - Yes | Yes | 5,000 | 5,000 O.M. U R. & XN, 
s.I. culture Vv 
area 
7 (A) 8... | O.D. | H.T. | Very | T.,C.,H.,| Industr.| Yes | No — Infre- P.E.F. =. N. 
I. town quently 
7(B) O.1. | O.D. B. 100 | T.,C.,H.,| Industr. | Yes | No — 5,000 P.E.F. | 15% RB. N. 
L. town new: E 
10 (A) 8.1. | C.D. B. 90 | T.,L,, I. _ Yes | No —_ 3,000 P.E.F } cle R. 
y 
10 (B) OC... | O.D. B. oo Tt. %..% a= Yes | — = 3,000 | P.E.F Z 
13 (A) at i GDd.!/ B. 40 |T.,L,1 _ No | No ~ 5,000 8. H N. 
13 (B) OI. | O.D. B. 80 | T.,L., I. _— No No -- 5,000 8. I§ N. 
13 (C) C.I. | O.D. B. 80 | T.,L., 1. _ No | No _ 5,000 8. Lil N. 
15 C.1. | 8.E. B. 150 | T., H.,8. —_ No _ _ 6,000 P.E.F. — N. 
16 (A) O.1. | 8.E. B. 128 | T.,H.,8. -- No | Yes | 4,000 | 9,000 | P.E.F. — N. 
16 (B) CI. | 8B. B. 110 | T., H.,8. -- No | No — 3,000 | P.E.F. -- N. 
16 (C) 8.1. | 8.E. B. 70 | T.,H.,8. -- No | Yes a 3,000 | P.E.F. — N. 
19 C.1. | C.D. B 298 |T., H.1. = No | No == 7,500 | P.E.F. — 10% B. 





* Figures in italics indicate mileage between renewals of filter elments. 
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EXAMINATION OF USED ENGINE LUBRICATING OILS. 


Note 5.—P.E.F., Paper edge filter; O.M., Own method; 8., Supplier; C.R Centrifruge and refining 
Straining and settling; R.R., Re-refining; W.S., Washing ¢ 


clay treatment; O.F., Contact filtration; 8.S 
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; A.C., Acid and 






























































































































































and settling. 
Note 6.—R., Reclaimed; N., New oil; F., Filtered oil; B.R., Re-refined. 
-_ : g 
< ff . P - - 
i g \s $/ je ee bs 53 i ee 
£61218 12,/2 | #la lee e l#) ela [e128 12 S 
‘ Saxe £ 32 my | § | < Sf Pe 
& . fi ray ? 3 3 Sai 8 g S #3 3 3 p> 
as. fa | eg “gio |e |e leaai 2 $|e0\/s5/2 12 3 
s, ad 24 ° 3 Ds | Be) 30 + | rf 
syoRs | £3 i g38| 3 S| al gal Sa 1 
ents | 22| gc 3| a3 /23/ 4 eso| ¢ | 8 F S4 | So 
a4 be | £4 | dat] dat] aa | 5.8] 3 ges) & |e 3k) ff) ecleo| & | & 
bs a 
_&3S Ey | 0-04 | 0-01 | 0-03 | 0 —]|0o {|070| 38 | 0 — | 0-20] 3-5 | 150-0/27-8 | 100 | 0-910 
ie 0-4 | 0-18 | 0 o-18 | 0 — |0-004/1-09| 22] 0 — | — | 0-85 | 6-8 | 230-0] 31-0 | 56 | 0-999 
__>_Bg0-0 | 2-52 | 1-93 | 0-59 | 2-47 | 2-43] 0-22 | 2-70] Too | 0-8 | 1-5 | 6-72| 0-78 | 13-0 | 218-1 | 37-07| 103 | 0-939 
R. dark 
12 | 0-21 | 0-13 | 0-08 | 0-29 | — | 0-01 |114| 42 | 0 | 40] — | 0-80] 46 |151-2/23-25| 56 | 0-935 
N. 
s 15-0 | 3-02 | 2-08 | 0-94 | 2-61 | 2-74/ 0-17 | 3-24| 390 | 0 | 37] — | 1-09 | 11-4 | 299-0| 36-15] 39 | 0-949 
N. 
Traces | 0-025| 0-016} 0-01 | 0 —|o |o50/ 25 | o | —| —| 0-28] 1-6] 159-0| 24-2 | 55 | 0-908 
_ ~ BP g0 | 1-86 | 1-59 | 0-27 | 1-68 |1-66] 0-17 1-91] 310 | 0 | 1-9 |533| 0-79 | 7-4 | 140-2 | 18-92 | —13 | 0-940 
N. 
Traces | 0-02 | 0-005] 0-015| 0 —|o |o22} | o | —|—|o11!] 96]129-:0|20-5 | 50 | 0-939 
30 | 0-54 | 0-43 | 0-11 | 0-50 | 0-52] 0-11 |1-27] 76 | 0-3 | 40] — | 0-39 | 3-7 |120-6]18-57] 31 | 0-908 
86 | 0-91 | 0-79 | 0-12 | 0-97 | 0-91| 0-07 | 1-13] 192 | 1-7 | — | 9-14] 0-49 | 4-8 | 96-6] 20-57] 107 | 0-906 
44 | 1:18 | 0-96 | 0-22 | 1-80 | — | 0-18 | 1-63] 350 | Traces) — | — | 0-45 | 9-6 |1293-9|29-6 | 97 | 0-905 
24 | 0-43 | 0:33 | 0-10 | 0-42 | — | 0-09 | 0-99] 75 | 0-3 | — | — | 0-34] 2-8 | 90-5]17-29] 80 | 0-923 
86 | 1-79 | 1-47 | 0-32 | 1-74] — | 0-10 }1-96| 480 | 0-7 | — | — |] 0-40] 4-4 | 136-9 | 24-33| 100 | 0-983 
30 | 0-61 | 0-50 | 0-11 | 0-49 | 0-60| 0-12 | 1-40] 86 | 0-3 | 88 | 3-61] 0-37 | 3-3 |117-8|20-09| 65 | 0-991 
10-0 | 2-20 | 1-64 | 0-56 | 2:15 | — | 0-17 | 2-12] 430 | Traces] — | 3-54] 0-65 | 7-7 | 163-2 | 19-63} —22 | 0-933 
&0 | 0-91 | 0-57 | 0-34 | 0-66 | — | 0-03 | 0-92] 176 | 0-6 | 4-4 | 2-60| 0-37 | 3-8 | 73-6|13-86| 60 | 0-923 
50 | 1-30 | 1-04 | 0-26 | 1-23 | — | 0-10 }1-36| 267 | 0 | — | — | 0-66 | 43 |194-0/ 22-63] 94 | 0-916 
12 | 0-34 | 0-38 | 0-01 | 0-26 | — | 0-05 |1-22] 53 | 0 | 36] — | 024] 3-1 |168-5|)26-0 | 79 | 0-919 
20 | 0-71 | 0-46 | 0-26 | 0-56 | — | 0-08 |1-16| 93 | 0 | —| —] 099] 65 |162-2|274 | 83 | 0-918 
40 | 1-34 | 0-81 | 0-53 | 1-42 | — | 0-17 | 1-61] 161 | 0 | — | — | 1-72 | 97 | 106-9] 91-4 | 100 | 0-918 
16-0 | 4-53 | 423 | 0-30 | 4:37 | — | 0-18 | 4-30 Too o | —| — | o-71 | 10-4 | 114-6 | 31-91 0-918 
jar’ 
32 | 0-95 | 0-77 | 0-18 | 0-78 |0-87| 0-15 |1-57| 124 | 0 | 0-9 | 4-16| 0-69 | 11-7 | 100-6 | 19-89 0-924 
N. 
10-0 | 1-97 | 1-43 | 0-54 | 1-64 | 1-73] 0-18 |2-51| 390 | 0 | 05) — | 0-63 | 8-5 | 162-6/96-11| 70 | 0-936 
N. 
B20 | 0-39 | 0-34 | 0-05 | 0-32 | — | 0-02 |1-05} 64 |<0-1 | 20 | — | 0-20] 5-0 | 168-2 | 25-87| 63 | 0-938 
N. —. 
84 | 1-75 | 1-21 | 0-54 | 1-65 | — | 0-14 | 1-96| 410 | 0-9 | — | — | 041 | 7-7] 79-3] 18-22] 193 | 0-898 
10% B. 
+ New oil. { Reclaimed. § Containing E.P. additive. || Containing detergent additive, 
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Source of oil sample 


(Note 2). 


Type of vehicle 
(Note 3). 


Average daily mileage. 





Type of country 


(Note 4). 
Air impurities. 














Oil filter. 


Miles between filter 


renewal * or cleaning. 


Miles between 


oil change. 


refilling crankcase. 
See Table VI. 


Brand of oil for 








24° | T., H.,8. 





100 | TT, 1. 











Own 
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97 (ATV) 
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ie L., I. om road 


Yes 














27 (BIV) 





* Figures in italics indicate 
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Is of filter elements. 
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EXAMINATION OF USED ENGINE LUBRICATING OILS. 171 
Tas continued), 
——T | a a Fi 
s | ie > | ; 7 Mian |e 
: | gig S| ,/ a fe ti jails tmeis i : 
§ ~ = 5 x8 . e,, wi" tS pe s Re ‘ i) 
§ 3 $ 2 8 ey 2 - $ |ssa\ ¢ ° s | id ae | = S 
& 8 | B28 5 8.8 so 895 8 eifia of a a 3 
gee (e/a |e | 28/3 e/ Flesh 2 )/2/2) Rel F2l% [2 | 2] 3 
sell gs 2 eelg | ela lege g/2]2lee/2819 12 | 2) § 
= @ 3 | = = 7 = 
| a8 Bs | es | 8 leeig | § sel 8S [/o/ glen] s4ig.f/¢8. a 
| BES BS. g.16./38/3.| 2 USE Ss 4) Sa | 8 5 
ay se| 25 | dee 4%| aa |5e| 9 | 5 [acs| & | & 3 S2\/afl|ecles| & | & 
| Rees 
— Fis | 0-40 | 0-26 | 0-16 | 0-29 | — | 0-05 0-71] 60 | 0 | 32 | — | 0-36 | 10-3 | 94-9] 20-30} 110 | 0-928 
N. B30 a 0-34 | 0-09 | 0-48 | — | 0-04 [0-82] 125 |<0-1 | 4-0 | 2-71] 0-25 | 8-7 | 981/176 | 65 | 0-916 
14 io 0-21 | 0-13 | 0-41 | — | 0-04 |0-95| 41 | 0 | 76| — | 0-74] 69 | 79-5 |16-2 | 78 | 0-913 
4 oe 0-63 | 0-11 0-63 | — | 0-29 | 1-15] 60 | O11 | 44] — | 0-37 | 4-7 | 87-1] 18-72] 108 | 0-926 
140 | 2-60 | 1-86 | 0-64 | 1-75 | — | 0-38 | 2-56| 310 | 0-2 | 48 | — | 0-72 | 7-1 | 96-4/16-94| 45 | 0-932 
| 
12 | 0-28 | 0-10 | 0-18 | O24 | — | 0-01 | 0-65) 21 | 0 | 44 | — | 0-54] 32] 97-3] 19-11) 92 | 0-925 
10-0 | 1-93 | 1-41 | 0-52 | 1-49 | — | 0-03 | 2-40] 540 | 0 | 06 | — | 0-21 | 5-3 | 318-8 | 43-57) 80 | 0-922 
160 | 288 | 2-50 | 0-38 | 2-75 | — | 0-03 |3:76| Too | 0 | 3-0 | 5-67} 0-1 4-4 |380-0| — | — | 0-928 
dark 
$2 | 0-96 | 0-83 | 0-13 | 0-95 | — | 0-16 | 1-07] 138 |<0-1 | 36 | — | 0-42 | 6-9 | 88-3/16-7 | 83 | 0-905 
N. 4 | 1°35 | 1-15 | 0-20 | 0-77 | — | 0-15 | 1-45] 220 |<0-1 | 4-4} — | 0-49 | 7-1 | 100-0] 19-88} 96 | 0-897 
N, 22 | 0-62 | 0-56 | 0-06 | 0-68 | — | 0-07 [0-96] 123 | 0 | 5-2 | 2-60] 0-27] 4-4 | 81-8] 19-99] 101 | 0-902 
| 
- 0 | 0-07 | 0-04 | 0-03 | 0 —|o foe] 15 | — | —| — | 0-21] 2-2 | 130-0] 23-0 | 88 | 0-896 
F. fio | 2-32 | 2-10 | 0-22 | 2-26 | — | 0-08 | 2-76| 640 |<0-2 | — | 2-58] 0-47 | 6-3 | 143-4| 24-81] 83 | 0-912 
N. 14 | 0-37 | 0-29 | 0-08 | 0-31 | — |0-008/0-54| 82] 0 | 36 | — | 0-25 | 2-4 |113-8|20-05| 75 | 0-906 
N. 36 | 1-14 | 0-86 | 0-28 | 1-05 | — |0-016|1-12| 216 | 0 0-5 | — | 0-49 | 4-5 | 145-3 | 25-42| 85 | 0-912 
R. 60 | 1-33 | 1-15 | 0-18 | 1-27 | — | 0-07 | 1-81] Too | 0-3 | 0-9 | 4-95] 0-44 | 63 | 143-9| 27-15] 106 | 0-904 
dark 
R. 18 | 0-42 | 0-38 | 0-04 | 0-30 | — | 0-05 |0-42| 280 | 0-3] — | — | 0-52 | 8-0 | 13-0] 5-14] 170 | 0-895 
N.&B. B08 | 0-26 | 0-19 | 0-07 | 0-22 — | 0-03 | 0-85 37 0 1-6 | 2-99 | 0-34 2-6 | 122-4 | 23-17 97 | 0-897 
a 
N.&R. 20 | 0-64 | 0-58 | 0-06 | 0-63 | — | 0-10 }1-09] 100 | 0 | 1-2 |1-30| 0-59 | 0-3 | 103-8 | 22-38 | 113 | 0-901 
| 
N.& R. a 0-36 | 0-34 | 0-02 | 0-20 — | 0-02 | 0-62 53 0 4-4 | 2-14/| 0-29 3-3 97-3 | 19-73 | 106 | 0-898 
N.& RB 4-0 | 1-29 | 1-14 | 0-15 | 1-23 | — | 0-15 [1-34] 207 | 0-1 | — | 2-04] 0-50 | 6-0 | 89-0 | 18-55] 100 | 0-896 
| | 
N.&B 919 in 0-21 | 0 0-18 | — | 0-005} 0-38; 39 | 0 | 5-6 |1-57| 0-28 | 2-4 | 88-1] 21-65] 129 | 0-904 
N.&B. 1-22) 0-50 | 0-52 | 0 0-46 | — | 0-05 |0-84] 103 | 0 | 3:2 | 2-44] 0-30 | 3-0 | 111-1] 22-06] 114 | 0-892 
N. & B. 9 1-3t/ 0-52 | 0-50 | 0-02 | 0-53 | — | 0-09 90 | 0 | — | 2-93 26 3-9 | 110-4 | 21-96 | 100 | 0-893 
| } 
a | 





t Fuel containing 30% creosote. 


} Suspension. 
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2 ? | & f 
= . 
§ © | 2 FE e a § 5 2 
3 8 a i} b> 3 é 5 eh: | § 
g 1) 2 a 2 3 & z a F| > pas 
£ |8.Je.] &. 3 z oe “4 Bi sd. | obs | 38 
2 Ba] SA] se ¥ 3? a 8 g ; H 3 Fie 8 s 3 ¥ 
= $| Bs| es g & ala : a3 é : 
I ES Z2 5 o | g ES * = & & = 3 2 fz ie : 
a BG} Raa) Se] < Be < 2/8138 SS | ase | aed % 
27 (BIT) 8.I. ;, ON.| L.T., 20 | T.,L., 1. | City road| No Yes 2,000 2,000 C.F. 27 (BIV)| N.&R 
, H.T. dust 10,000 
27 (BITD | 8.1 C.D. L.T. 20 | T.,L., 1. | City road) No Yes | 2,000 2,000 C.F. 27 (BIV)| N.&R 
dust 10,000 
37(BIV)| — | — —_ ~— om — aa ioe = _ 
27 (Cl S.I. | C.D. | L.T., | 7F., i, 4 —_ No Yes | 10,000 2,350 C.F. Own Na 
H.T. : spec. | 
27 (CIT) 8.1. 8.E. | H.T. 18 | T., H., I. | Chemical| No Yes | 10,000 1,000 C.F. Own N.&R 
industry spec 
27 (CII) | SI. | SE. | Mech.| 25 | I.  |Chemical| No | — | — | 1,300 | ©.F. | Own | Nal 
horses industry spec 
27(CIV) | SI. | o.D.| LT, | 22 10, HLL = No | No —_ 1,250 C.F. Own N.&2 
H.T. spec. 
27(CV) | SI. |} OD.| LT. | 22 |C., 8.8 ~_ No | No —_ 1,250 | OF Own |N.& 
HT. spec. 
27(CVI) | SI. | OD.| LT, | 43 |7.,L,8. —_ No — — 2,400 C.F. Own | N.&B 
ELT. Spec. 
27(FI) | SI. | OD. | wT 0 1t.8,L) — 25% | Yes | 10,000 | 2,000 | O.F. Own |N.&RR } 
Yes spec. 
s7(@7ID | 81. | c.D.| HT. | 30 /7T.,5.8) — No | Yes | 10,000 | 2,000 | C.F. Own |N.&ME 2? 
spec. 
27 (FITF) | S.I. | S.E. | H.T. 30 ?., i. —_ No Yes | 10,000 2,000 C.F. Own N.é 
; spec. 
$7 @1V) | 81. | 8B | LT. |] soltne) — No | — ~ 2,000 | OF. Own | N.4 
spec. 
27(FV) | SI. |8.E./ HT. | 50/0,H,,1] — No | — _ 2,000 | C.F. Own | N.&] 
spec. 
28 (A) SI. }op./ LT. | 380 /7.L,,1 = No | — — 1,500 | P.EB.F. b N. 
2(BE | SI. |S8./ LT. | 33 |T,L,1.| Town | No | — — | 13,620 _ t N. 
traffic 
28 (BIT | SI. | S.E. | LT. 33 |T.,L,I.| Town | No | — — 5,960 _ t x. 9 
traffic 
28 (BIIDT) | 8.1. | S.B. | H.T. 33 | T.,L.,1. | Town No — -- 6,049 _ f N, 2 
traffic 
28 (BIV) | S.I. | S.E. | LT. 33 |T.,L.,1. | Town No _ — 3,693 _ ft N. 2 
traffic 
28 (BV) 8.I. | 8.E. | H.T. 33 | T.,L.,1. | Town No _ — 4,520 _- ft N. i 
traffic 
28(BVID| SI. | SE. | LT. | 33 |T,L,1.| Town | No | — — | 9,502 _ t 
traffic 
28 (C) 8.1. | OD. | LT. 20 |T.,H.,8.| Some No _ — 2,000 _ b 
industrial 
smoke 
28 (D) 8.I. | O.D. | Mech. 18 |T.,L.,1. | Chem. No _ — 1,000 P.E.F. e 
horses fumes 


















































® Figures in italics indicate mileage between renewals of filter elemente. 
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Tal-(continued). 
| oe | A | g. 
} - 4 ™ < 5 . P , Siar a 
| g | te < g & . a PR) ez . Pd im EM ° 2 
o we ¢ |B E 3 ex} g GP. #{/®i oly e2 |S n 3 3 
& 3 Sie $; s S35 8 = a Se oo 2 3 & 
ee pak i 482/19 es S$ | FZ. 3 3 4 
os. ag be |b 8 g$si\ 218/34 q 3 b> b 3 
Pae O] aa 28 s g © 6 E 8 ee aes 2 2 
oye 23 8 F A >. te i ao & 
ai | £3 3 E 8 5- | a. 
ees | 22/82 | §2| 28 |2a| 4 eels Sy | se| aa) ad é 
StB Be | aa | Me | dat | oa [De & |meoa] & 4% bolbol| & | & 
N.eM 19z) 0-56 | 043 | 0-412 | 0-41 | — | o-as}1-03| 66 | o | 28] — | 037) 2-9 /111-8| 23-43) 110 | 0-896 
N. GRE 14¢| 033 | 0-29 | 0-04 | 0-34] — | 0-06 |0-60| 50 |<0-2 | 0-4 | 2-28| 0-25 | 3-0 | 95-9/ 19-56] 101 | 0-891 
— Boost! 0-009} 0-003} 0-006, — | — | o-o1i}o-25| 24 | — | — | — | 017] 1-2 |155-0/97-8 | 94 | 0-802 
N.&RM 903 | 0-83 | 0-69 | O14 | 0-44 | — | 0-13 |1-28/ 145 | 0 | 56 | — | 0-44 | 4-5 | 103-3] 20-95] 95 | 0-895 
| N.&RM 12 | 0-28 | 0-22 | 0-06 | 0-25 |0-28| 0-04 10-50| 51 | 0 | 32 | — | 0-25 | 3-0 | 124-0) 25-92| 110 | 0-891 
N.&RM 94g| 0-61 | 0-56 | 0-05 | 0-66 | — | 0-12 |0-93| 93 |<o-1 | 52 | — | 0-38 | 43 | 94-9| 23-34] 130 | 0-892 
N&R 10 | 0-25 | 0-21 | 0-04 | 0-26 | — | 0-04 |o-82|] 50 | 0 | 40 |\2-88| 0-26 | 2-7 | 107-6|21-27| 104 | 0-895 
N.@RM 13 | 0-36 | 0-32 | 0-04 | 0-31 | — | 0-06 |0-90| 68 | 0 | 2-8 | — | 0-23 | 2-7 |191-0|22-05| 88 | 0-897 
N.&ae 12 io }o-32 | 0 | 0-31 | — | 0-08 [07] 48 | 0 | 32} —|0-19| 8-2 | 189-4) 25-25| 97 | 0-894 
N.& Hg | 088 0-67 | 0-16 | 0-77 | — | 0-11 |1-41| 132 | 1-0 | 2-4 | — | 0-89 | 4-9 | 132-8] 26-92| 114 | 0-905 
N.&M 20 | 046 | 0-33 | 013 | 0-38 | — | 003 [0-93] 68 | 0 | 20| — | o29| 3-8 |177-7]24-78| 20 | 0-936 
N.&RM 36 | 0-98 | 0-73 | 0-25 | 0-58 | — | 0-17 Jase} — | — | —| — | 049 | — | 123-1] 21-45] 91 | 0-917 
N.@RM 60t| 1-43 | 1-20 | 0-23 | 1-36 | — | 0-10 |2-19| 256 | 0-1 | 28 | — | 048 | 65 | 90-9] 19-97] 109 | 0-899 
N.&RM 04t| 0-20] 0-23] 0 | 0-24| — | 005/150; 44| 0 | 20! — | 0-20] 3-3 |176-2]37-0 | 124 | 0-892 
N. 60 | 0-38 |) 041 /0 | 0-56 | — | 011 [1-13] 74 | 05 | 40|3-80| 0-36 | 49 | 83-0/19-31| 192 | 0-898 
N. B 36 | 0-91 | 0-79 | 0-12 | 0-95 | — | 0-10 |1-25| 178 | 0-1 | 92 | — | 0-24 | 44 | 48-4| 13-38] 132 | 0-896 
NX. B 26 | 0-94 | 0-83 | 0-11 | 0-97 | — | 0-14 |1-20| 128 | 0-2 | 96 | — | 0-40 | 5-4 | 48-7| 11-59] 94 | 0-898 
N. B28 | 0-77 | 0-74 | 0-03 | 0-79 | — | 0-09 | 1-36] 144 | O83 | 24] — | 0-24 | 3-3 |109-7| 20-01] 81 | 0-906 
N. B 2-0t| 0-93 | 0-81 | 0-12 | 0-87 | — | 0-08 |1-43| 145 | 0-1 | 20 | — | 0-22 | 4-1 | 121-9] 24-76] 109 | 0-907 
N.  22¢/ 0-59 | 0-48 | 0-11 | 0-51 | — | 0-12 |1-06/ 91 | 0-2 | 0-8 | — | 0-24 | 3-1 | 130-9] 292-49| 74 | 0-909 
| 
ha ee) | o* 0-79 | 0-15 | 1-11 | — | 0-26 |1-37| 84 | 0-6 | 80 | — | 0-30 | 48 | 68-9/15-02| 101 | 0-902 
N. BF 24t| 0-76 | 0-63 | 0-13 | 0-72 | — | 011 |1-06) 97] 0 | 60 | — | 0-33 | 47 | 87-0/ 22-414) 139 | 0-899 
N. B 28§| 0-72 | 0-61 | 0-11 | 0-72 | — | 0-07 |1-12| 132 | 0-05) 20 | — | 0-23 | 3-5 | 115-4/20-0 | 75 | 0-901 
appr. 
t Water. t Suspension. § Slight suspension. 
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j i | is | i i 
g 2 BP ; & 5 g 
C} mb a a On . be 
ei8l3 1/2 /2| ¢ § gs | 2. i ee 
a ee ed ek = Oo 2 = eS a ge g SU. | we os Es 
2 Sa a So ° s+ a 3 sg 3 Zz 3 ae a 2 3 FA g 
= s| 8s] es g a alal sel 288 & P 
= 51} 35 Bs 2 Bs je ae ag S20 a ie :. 
a G/ae] a&| < q & 3/8 | 38 | So | sve | abe Be 
28 (E) SI. | OD.} LT. 20 |T.,L., 1. _ No = | — 1,269 — b x. Boo 
28 (F) SI. | O.D.| LT. | 380 |7.,L.,I. em No} —| — 1,500 -_ ft N. Bos 
2,000 
99 (A) 81. | O.D.| B 100 | T., L., I. = No | — — |14000/ ss c 10-154 Fg 
29 (B) SI. |} OD.| B 100 | ., L., I. ae No | — — | 14,000 8.38. c 10-154, 
P. 
29 (0) OI. | O.D.{| B. | 100 |T.,L,1. = No | Yes | 14,000/14,000 | R.R. d 10% 
40,000 to RR. 
45,000 
29 (D) OI |oD.} B. | 100 |T,L.,I. = No | Yes | 14,000 |14,000 | R.R. d 10% 
40,000 to RR. 
| 45,000 
29 (B) OI. | OD.| B. | 113 |C.,L.,1. | Cement | No | Yes | 14,000 |14,000 | R.R. 4d 
dust 40,000 to 
45, 
29 (F) Gf, OS. 12. | 28 [0.4.1 = No | Yes |14,000 to} 14,000 | R.R. a 
45,000 
30 Or. | OD.| B. | 100 |T.,L.1. = No | Yes | 2,000] 2,000 | P.E.F, _ 
20,000 
37 (A) SI. |8B./ B. | 100 |7.,0.,,H = No | — <a 7,000 | P.E.F. 
37 (B) OI |OD.| B. | 200/T,0,H.) — Yoo | — — |12,000 | P.E.F. T 
38 OL, | O.D.| LT., | 80to/T.,L,8,)| — eee = 5,000 | P.E.F. —_ 
SI. H.T., | 200 |0.,H.,1 
B. 
39 OI. | oD.| B 57 | T.,H.,I.| Factory | 25%| — —_ 6,000 | A.C c 
smoke es 
42 (A) Or |O.D.| B. 80 |T., L., I. ms No | No = 5,000 | P.EB.F. _ 
42 (B) Or | 8B] B. so |T.,L, 1. = Yes | Yes | 10,000 | 15,000 | P.E.F. _ 
43 (A) GL 18R.| B. ¢2 |T.,H,3.| — No | Yes | 4,000 | 4,000 | P.E.F. M | 
43 (B) OL 138i B&B 1 IRB No | Yes | 4,000 | 4,000 | P.E.F. M |i 
44 (A) SI. | OD.| B. | 103 (0,8. ea Yes | No — {10,000 | P.E.F. oO 
44 (B) oz Top. | 2. est — Yes | No — |12,000 | P.E.F. N 
45 OI. |OD.| B 100 |T., L., I. = Yes | No — |10,000 | A.C. _ 
46 (A) Ol | 8E.] B 200 |C., L., I oe Yes | No ~ 3,000 | W.S. Q 
46 (B) SI. |/8sEh/] B 100 |0.,H.%L}; — —-/|-|/ —- 1,500 | W.S. Q 
47 O1. | OD.| B 150 | T.H.,L, Gmoky Yse|/—/| — 2,000 | P.EF. _ 
| Rees 









































* Figures in italics indicate mileage between renewals of filter elements. 











Ta (continued). 


EXAMINATION OF USED ENGINE LUBRICATING 


OILS. 


























































































































| - ° g 
| 3 s : . P a] ae - 
Pilg sd il. gl altielalalele FAVE IE las 
s ii a \3 p\$Ee| ¢ “ - & S 
sete ld |g (Ele alah Plas Ell gtl le | 2] 3 
os. m% Be be |b ous 3 8 cc} | mb b b 3 
3ye a | g2 a¢ elgg ilk 8 | selSols |2 2 
Z | 3 } 2g § 2 i 3 & 
| gag ae &3 Zt i 5 $3 i =e 7 P 
“ , . Ss: @ z a a aa ° 
| BY Bae 23 ae $2 ma | pe 3 Bes| & 42 Hleclbol & a 
N 0 | 0-54 | 0-50 | 0-04 | 0-58 | — | 0-10 /1-00] 78 | O-1 | 4-4 0-27 | 8-4 | 104-3 | 20-16} 104| 0-902 
N 28 | 0-65 | 0-46 | 0-19 | 0-63 | — | 0-03 | 1-00] 97 | 0-05) 58 | — | 0-39 | 42 | 69-1 | 21-06} 52 | 0-892 
appr. 
| 10-105, 66 | 1:79 | 0-73 | 1-06 | 1-67 | 1-50] 0-12 | 2-43] 152 | O-1 | 28] — | 0-52 | 7-8 | 198-3 | 28-35) 66 | 0-923 
10%, 68 | 1-45 | 0-74 | 0-71 | 153 | — | 0-16 | 1-85] 153 | 0 16 | — | 0-60] 6-5 | 1981/2835] 66 | 0-924 
10 —t | 203 | 1-62 | 0-40 | 1-96 | 2-00] 0-08 | 1-99] 370 | O-1 | — | — | 0-86 | 10-6 | 107-8 | 23-65] 122) 0-894 
1% —t |>1-30) 1:38 | —§| —§| — | 0-10 | 1-79] 350 | O1 | 03 | — | 0-46] 58 0-890 
10% B—+| —§| 167 | —§| —§| — | 0-05 | 2-17] 580 | 0 0-7 | — | 030] 45 Cannot be 0-892 
RR. appr. determined 
10% B —+| —§ |>2-77 —§}| — | 0-19 | 3-46] Too | 02/09] — | 053] 7:3 0-902 
RE t § —- § 
R. 0-0 | 360 | 3-18 | 0-42 | 8-69 | — | 0-16 | 1-84 Fad 49 | — | — | 051] 7-7 | 105-9| 19-43] 86 | 0-933 
R. 18 | 0°36 | 0-30 | 0-06 | 0-66 | — | 0-03 | 1-83)" 62 | 0 4-4 | — | 0-31 | 56-5 |143-9/| 26-06} 97 | 0-907 
R. 8 10-0f| 2-19 | 1-83 | 0-36*| 2-59 | — | 0-08 | 1-67| 540 | 0-35) — | — | 0-48 | 11-0 | 138-0| 24-65| 86 | 0-919 
_— 60t| 1:08 | 0-94 | 0-14 | 1:13 | — | 0-32 | 1-46] 151 | 1-5 | 2-7 | — | 0-26 | 65-2 | 126-1 | 23-0 85 | 0-910 
or 
BL 
50% BR. 0 | 1-94 | 1-63 | 0-31 | 2-04 | — | 0-12 | 1-82] 390 | 0 — | — | 0-49 | 7-3 | 103-1] 20-31 | 97 | 0-908 
R. 1-0 | 2-52 | 1-86 | 0-66 | 2-68 | — | 0-13 |2-18| 370 | 0-3 | 0-5 | — | 0-55 | 9-0 | 185-4] 31-80] 87 | 0-923 
N 38 | 0-96 | 0-57 | 0-39 | 0-68 | — | 0-08 | 1-22] 126 | O-1 | 0-5 | — | 0-70 | 5-0 | 181-3] 28-20) 70 | 0-917 
F 55 | 1-32 | 0-86 | 0-46 | 0-99 | — | 0-04 | 1-96) 234 | 0 483 | — | 0-46 | 4-9 | 151-5/26-09| 94 | 0-918 
F 0-0 | 3-66 | 3-10 | 0-56 | 677 | — | 0-05 | 3-74 Too 1-1 | 63 | — | 0-46 | 7-6 |127-4|23-46| 91 | 0-934 
ar! 
N. or. 10-0 | 2-14 | 0-87 | 1:27 | 2-44 | — | 0-13 | 2-70] 290 | 0-3 | 3-6 | 7-91] 1-00 | 11-9 | 210-4] 32-19] 80 | 0-931 
N %0 | 3-56 | 2-79 | 0-77 | 3-40 | 3:30] 0-54 | 3-73] Too | 6-1 |26-0 | 6-20] 0-93 | 10-3 | 117-9] 20-05} 79 | 0-943 
Appr. dark 
50% B. 160 | 2-26 | 1-24 | 1-02 | 2:26 | — | 0-25 |1-76| 410 | 38 | 38 | — | 0-49 | 7-3 | 1295-7|21-36|) 75 | 0-932 
R. %9t| 2-06 | 1-75'| 0-31 | 2-54 | — | 0-12 | 2-15] 400 | 05 | — | — | 0-49 | 8-1 | 153-3 | 29-49] 108 | 0-908 
R. 38 | 0-62 | 0-56 | 0-06 | 0-88 | — | 0-12 [147] 94 | 0-3 | 16 | — | 0-47 | 63 |171-6/| 29-10] 90 | 0-917 
R. 28 | 1-03 | 0-76 | 0-27 | 1:01 | — | 0-03 | 1-87] 185 | 0 —|— 0-43 | 6-0 | 230-0 | 33-0 67 | 0-928 


















































t No separation. 





§ Cannot be filtered. 


|| Containing E.P. additive. 
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T. 
P : | 
ee 8 ; 
i la ele | gy i] |, 
eigis/asiail¢| 4 fa, | ee | See |e, 
& et Os toe ay Ei & 5 ; Sea | gos | ss, 
& on a} Se & ch e 3 g gage is : x 
e |2g/f2i 28/6] a8 | £ |S] & a Le aes | Gee | xu 
a 82| Ge | 4 | be 4 4} 8] 5& S| ase | aed fy 
48 81. }0.D.| B. | 140| TLL, as |) — | 25,000! PEP. G@ ine 
O.1, H., 8. for 8.1 
6,250 
for O.1 
50 or {/op.| B. | 160 /T,H,1./ — | No | No a 6,000 | P.E.F = x 
pw iexiop.| BB | wolt.ual — | we | — ae 5,500 | P.E.F — | 
mm 10%. oni 3s. |i it.t.3) — [ue | — = 5,500 | P.E.P Y |e 
Be [Az [on.1 be. | 15,2) — | we | — — | 1,280] w.s. > | = 
53(B) | 8.1. | op.| HT. | 1% |0,8H,1.;| — | No | — | — | 3030] wa. D | R 
8) | 81. | oD.| oT. | 100 /0,H,L| — | No | — — | 34500 | ws. D | R 
85(A4) | O1. | SE. | HT. | 150 |0.,H.,I «Pio: | as — | 8,000 i RE | x. 
55(B) | SI. | S.EB.| LT. | 150 |0.,H.,I.| Leadore| Yes | Yes | 5,000 | 7,000 ma - | 
55 (C) a 14a, = 100to| CHI} — | Yes | Yes | 20,000 | 3,000 = P x. 
$5) | CL. | 8B. | LT. |100to/C,H,1.] — | No | No — | 3,000 = R | N. 
50 
61(4) |o1 |op.| B. | 378 |T., L.,04]  — Yes.| — — |10,000 | PEF = | N 
61) |si. |op.| B. | 378 |T, L., 0, = (ae | = — |10,000 | PEP. = N. 
62 Cl | OD.| B 86 | T., Tay a. — | No | No _ 3,000 | P.E.F. — F. 
al ad ad 









































* Figures in italics indicate mileage between renewals of filter elements. 
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The Effect of Various Factors on Oil Deterioration. 


As mentioned before, no general conclusions can be drawn with the 
exception of the striking difference between oils from petrol and C.I. 
engines. However, it is possible to select cases where a number of factors 
can be allowed for so that it is possible to a certain extent to correlate cause 
and effect. This information is discussed in the following section. Com- 
parison is made only between samples from engines that have been supplied 
with the same new oil. 

In several cases samples of the new oil used were sent in by motor vehicle 
operators. These also have been examined and permit an interesting 
comparison to be made with the analysis of the same oil after use. In 
other cases a few main data of analysis have been communicated to the 
Association by the supplying firms. These data for new oils are given in 
Table VI. 

(a) Effect of Engine.—Samples 1BI and I1BII give a striking example 
of the difference between oils that have been used in a petrol (1BI) and a 
C.I. engine (1BII). In each case the type of vehicle and operating con- 


s 


Water and sediment, 
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Tage (continued). 
i ; ? eles |e] . | ele i . iS 
aM lag ad] eT gle iElBIE TE al: 
} Se AY [eal § 4eizg | 7 cee) 2 ali lgalgtiz |2 | 2] % 
. | Sh.8s as|= g Psi ts i S08| § r di b> b b> 2 
eG a aa | ail 4 else/ael? |F | a| é 
ARR, (h(a a2 [dal a |S P| gd aul bel ds| bel 
~ | Naalyo | 008 | 0-90 | 0-08 | 1-04 | — | 0-08 ;148| 195 | 0 | — | — | 047 | 47 |1361|27-61| 107 | 0-903 
| § Boo | 218 | 1-68 | 0-50 | 2-06 | — | 0-08 |2-15| 400 | 0-05] — | — | 0-88 | 7-6 |135-0|93-51| 82 | 0-13 
Appr. 
The 36 | 0-80 | 0-66 | 0-14 | 0-68 | — | 0-04 | 1-49) 190 0 2-2 | 2-74 | 0-49 3-8 | 157-5 | 30-32 78 | 0-907 
. N. &RMB}0-0 | 1-80 | 1-62 | 0-18 | 2-00 | 1-76 | 0-11 | 2-21) 490 0 — | — | 0-65 6-2 | 106-4 | 18-17 65 | 0-931 
i R. B38 | 0-64 | 0-56 | 0-08 | 0-72 | — | 0-04 |1-17) 114 0 3-6 | 3-41 | 0-38 4-1 | 162-4 | 26-6 78 | 0-920 
: R. B40 | 0-93 | 0-69 | 0-24 | 0-99 | — | 0-07 | 1:53) 164 0 2-8 | 4-40 | 0-40 4-4 | 172-5 | 28-9 88 | 0-924 
y BR. B52 | 1-08 | 0-77 | 0-31 | 1:06 | — | 0-09 | 1-77) 145 0-23 | 2-8 | 3-58 | 0-42 5-5 | 186-7 | 24-7 25 | 0-924 
x N. 40 | 0-90 | 0-77 | 0-13 | 0-84 | 0-88 | 0-06 | 1-37) 220 0-2) — | — | 0-39 4-0 | 134-6 | 23-0 85 | 0-915 
Z N. 13 | 0-80 | Od 0-36 | 0-71 | — | 0-06 | 0-95 55 0-1 | 40] — | 0-41 7-9 | 131-5 | 24-0 55 | 0-903 
| ow. Bes | 151 | 0-80 | 0-71 | 1-46 [1-48] 0-12 [1-58| 113 | 0-3 | 28 | — | 0-82 | 92 | 1290/2920 | 75 | 0-920 
| ON, Pino | as | 3-48 | 0-95 | a-73 | — [024 [422| Too | 02 | — | — | 058 | 99 | 1415/2839 | 83 [0-030 
. dark 
"4 N —t | 411 | 3-57 | 0-64 | 3-93 | — | 0-287 | 443) Too | 09 | — | — | 0-35 7-1 | 140-8 | 26-5 98 | 0-916 
dark 
- N. 20 | 0-61 | 0-37 | 0-24 | 0-52 | — | 0-06 | 1-46 74 0 20 | — | 0-55 3-6 | 162-0 | 27-0 82 | 0-912 
"|v. Wioez| 2-00 | 1-74 | 0-26 | 2-76 | — | 0-09 |2-46| 580 | 0 | —| — | 0-8 | 58 |1158|27-6 | 130 | 0-908 
t No separation. ~ Suspension. 
ditions seem to have been similar, and although the oil from the C.I. engine 
the was changed after 2000 miles, i.e., half the mileage of the oil in the petrol 
CL engine, it is very much dirtier by all test figures indicating contamination 
tors and deterioration. It is, therefore, probably right to assume that this 
suse difference is chiefly the result of the different type of engine used. 
om- It is interesting to compare test results for samples 10A and 10B. Again, 
lied the oil from the C.I. engine is dirtier, but the differences are considerably 
smaller. It is possible that other factors, e.g., time since engine overhaul, 
icle had a considerable influence in both examples. 
ting The effect of state of repair of engines is well illustrated by samples 
In 21A and 21B, which come from two pairs of bus C.I. engines of identical 
the type, operating on routes of similar character. The engines from which 
n in sample 21A was taken were operating on a blend of 30 per cent creosote 
and 70 per cent “ Pool” Derv oil, whereas, on the two “ 21B” buses, 
ple “Pool” Derv oil was used, unblended. Upon enquiry, it was learned 
da that the mileages since overhaul of the two “21A” engines had been 


28,000 and 33,000 miles, and those of “ 21B ” engines 23,000 and 111,000 
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miles, respectively. It is obvious that the much greater mileage of the 
jast engine running on unblended fuel caused the higher content of con- 
taminating carbonaceous matter in oil 21B. This is interesting because a 
creosote fuel blend might be expected to cause a dirtier oil. 

Samples 25A and 25B come from petrol and C.I. engines, respectively, 
operating under apparently similar conditions. The results of analysis 
again indicate a higher degree of contamination of the C.I. engine oil. 

In all cases mentioned so far the ash content is higher in the samples 
from C.I. engines. There may be two reasons for this: first, the higher 
air throughput of a C.I. engine causing a greater intake of impurities with 
the air into the cylinder and, possibly, a greater chance for these impurities 
to get into the crankcase with the incompletely burned fuel. The second 
is that the rate of wear of the C.I. engines may have been higher. 
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RATE OF INCREASE OF CONCENTRATION OF PETROLEUM-ETHER INSOLUBLES PER 
1000 MILES FOR VEHICLES WITHOUT OIL FILTERS. 


PETROL ENGINES. -~----~-- C.I. ENGINES, 


The samples 43A (from a petrol engine) and 43B (from a C.I. engine) are 
more highly contaminated than samples 25A and 25B, but, again, the 
amount of carbonaceous matter is considerably higher in the C.I. engine oil. 

In the case of samples 44A and B, oils of the same brand but different 
viscosities have been used, the oil used in the C.I. engine being a lighter 
grade. Again, the greater dirtiness of the C.I. engine oil is striking. The 
high water content of sample 44B is surprising and is probably due to 
accidental contamination. 

For samples 46A and B, again the same relative effects of petrol and 
C.I. engine operation can be observed. The ash content is the same in the 
two oils and this is possibly the result of the use of an air cleaner on the 
C.I. engine. 

(b) Effect of Type of Service and Type of Country.—On examining oils 
5A, B, and C, all of whick come from drainings collected from petrol and 
C.I. engines in bus operation, sample 5B appears to contain less deteriora- 
tion products than 5A and 5C. This may be the result of the vehicles of 
5B having been driven in level country, whereas the vehicles of samples 
5A and 5C operated in hilly country requiring more frequent use of low 
gears and, with the C.I. engines, possibly a greater tendency to smoking. 

Samples 29C, D, E, and F represent collected drainings from C.I. engine- 

N 
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driven buses operating under comparable conditions. However, the test 
figures do not permit any conclusion to be made with respect to the effect 
of operating area—the first two are from town service vehicles, the last 
two from country buses—or the effect of air contamination—sample 29E 
coming from an area with an atmosphere polluted with cement dust. 

(c) Effect of Type of Oil.—The engines of samples 13B and C have been 
lubricated with similar types of oil. The oil of 13B, however, contained an 
E.P. additive whilst the oil of 13 C contained a detergent. It is worth noting 
that sample 13C is more highly contaminated than I3B. This is in agree. 
ment with the general experience that detergent type oils tend to keep 
sludge in suspension, with the result that they maintain the engine clean 
but become themselves more contaminated. The new oil that was filled 
into the engines from which the drainings are represented by samples 29(, 
D, E, and F, is a solvent refined type, probably containing certain additives 
that may be responsible for the impossibility of obtaining separation 
in the centrifuging test for sediment and water. Also in some of the 
other tests, e.g., for benzene insolubles, petroleum-ether insolubles and in 
the hot filtration, difficulties were encountered due to particles passing the 
filter. 

{d) Effect of Air Cleaners and Oil Filters.—Of the two vehicles of samples 
16A and B, the first was equipped with a partial-flow oil filter of the pack 
type, the second being without filter. Although oil 16A was used three 
times as long as oil 16B, it is considerably cleaner by all tests. There is 
little doubt that this is the result of the use of the oil filter, because the two 
engines were of identical type, driving similar buses over similar routes, 
Age and state of repair of the two engines were about the same. 

The two following samples might be taken as an illustration of the effect 
of air cleaners. Sample 27AI comes from heavy trucks equipped with air 
cleaners. Although the interval between oil changes was 3000 miles, the 
oil contains considerably less ash than sample 27AII which was drained 
after 1200 miles from engines without air cleaner. This is, however, not 
quite conclusive because the trucks of sample 27AI had a daily mileage 
three times that of the trucks that are represented by sample 27AIT and 
because a low daily mileage with frequent stops and starts is likely to result 
in dirty engines. 

Sample 42A had been taken from collected sump drainings from a number 
of C.I. engines in bus service, not equipped with air cleaner or oil filter. 
Sample 42B comes from a single C.I. engine of similar type belonging 
to the same operator running under comparable conditions, but equipped 
with air cleaner and oil filter. In both cases, the same oil had been used, 
but the crankcases of the vehicles without filters had been topped-up with 
oil reclaimed by a paper edge filter. It may reasonably be assumed that 
the higher cleanliness shown by sample 42B is due to the use of oil and air 
filters, in spite of the threefold mileage between drainings. 

(e) Effect of Fuel.—The difference between petrol and C.I. engines has 
been discussed under the heading ‘‘ Effect of Engine.” In view of the 
general use of un-leaded “ Pool ’’ petrol at the time of collecting the samples, 
there is only one case which serves to illustrate the effect of lead. Sample 
38 was supplied for testing after leaded “ Pool ”’ petrol had come into use. 
It showed a white deposit at the bottom of the centrifuge tube in the 
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test for sediment and water and, of course, lead was found in the ash 
analysis. 

(f ) Note on Special Cases.—Samples 27BI, II, and III are interesting for 
their close similarity. Sample 27BI has been taken from draihings collected 
from a great number of vehicles with petrol and C.I. engines. 27BII and 
III come from petrol engines only. 27BI and II come from light and 
heavy trucks, 27BIII from light trucks only. It is perhaps surprising that 
there is so little difference between the analyses of these three oils. The 
case of oils 28A, C, and E is similar. The service of these three groups of 
vehicles seems to have been the same and again there is little reflection of 
variations of conditions of operation except, perhaps, a slightly higher 
contamination of 28C, possibly due to its longer mileage between oil changes. 


Critical Examination of Individual Analyses. 

In the following paragraphs some of the results of tests are discussed 
from different angles, and compared with one another in an attempt to 
obtain further information on the oils examined, and on the value and 
the meaning of individual tests in themselves. 

Size Distribution of Inorganic Particles. 

Knowledge of the size, shape, and general state of the abrasive particles 
present in a used oil is important information and leads to a general apprecia- 
tion of the problem of removing such particles. It also provides useful 
information toward the preparation of an artificial used oil of a definite 
and reproducible composition for use in filter tests, and a knowledge of the 
composition of used oil is necessary unless the artificial mixture is to be 
completely empirical. 

An initial assumption, based on published information, has been that the 
inorganic materials suspended in an oil are far more abrasive than the 
carbonaceous material. A report 15 has already been issued giving in detail 
both the method of separation of the inorganic materials from a used oil 
and the method whereby the size distribution of the particles can be 
measured. A centrifuge method was used for the separation of the in- 
organic material, and a microscope for size measurement. In brief, the 
oil was diluted with petroleum ether and centrifuged until all solids present 
in the oil were deposited ; these solids were then well washed with a variety 
of organic solvents; and finally the inorganic material was separated from 
the organic insolubles by using a chloroform-bromoform mixture of 1-94 
specific gravity. The inorganic solids were then shaken up with collodion 
solution and the suspension used to make slides for the microscope. Counts 
were made by comparing the sizes of the particles seen on the screen with 
circles of known sizes. 

This process occupies some little time and it was not thought necessary 
to measure the size distribution of the inorganic contaminants of all the oil 
samples available. A selection of twenty oils was made and it is hoped 
that the results from these oils will give a fair picture of the general state of 
such particles. It is not proposed to tabulate all the figures for the various 
counts and calculations (for an illustration of the process see report referred 
to above),!5 but only to give the final curves. The results may be expressed 
in a variety of ways, but two in particular would appear to accentuate 
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factors of importance in the present work. The first of these is a plot of 
percentage volume of a certain size range against particle diameter, and the 
second is the cumulative percentage volume curve. The former curve 
shows very r@adily the diameter of particle which presents the highest 
percentage per unit size range calculated on a volume basis, while the latter 
offers a reasonable means of expressing the general size of the particles 
present. It will be convenient to show the range of sizes found by means 
of the latter curves and then to go into some detail using the former type. 
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CUMULATIVE PARTICLE-SIZE DISTRIBUTION CURVES FOR USED OILS. 


Fig. 9 shows the cumulative curves for the oils examined and it can be 
seen immediately that a very wide range of sizes is present and that oils 
differ considerably between themselves. For example, taking the extremes, 
oil 43B contains particles ranging from less than 1 micron to about 10 
microns, while those in oil 21A range from less than 1 micron to nearly 
100 microns. 

At the start of the investigation it was hoped to find both the minimum 
and maximum size of particles present in any particular oil, but the experi- 
mental results have shown that these data cannot be expressed precisely. 

There is no doubt that, from the point of view of abrasive wear the 
greater importance attaches to large particles, but, owing to the difficulty 
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of ascertaining a maximum particle size and to the unreliability of such 
a figure, a smaller size is usually taken as representative of the particles 
present. In agreement with the argument given in a recent report on 
abrasive bearing wear 1° the size including 70 per cent of the total volume of 
particles, found from the cumulative size distribution curve, has been chosen. 

Fig. 10 shows curves of percentage volume against diameter for some of 
the oils. Before judging these curves it might be well to point out that the 
percentage scale is somewhat arbitrary. It is obtained by ‘dividing the 
volume of particles counted in the size range considered, by the total 
volume of particles given by the area under the volume-diameter curve 
(see reference 15), The percentage figure thus depends on how far the 
counts were taken in the direction of maximum size. This limit was not 
standardized, but the counts were continued until a satisfactory shape of 


ar 


3 


> 


- 


PERCENTACE VOLUME PER UNIT SITE RANCE 
i} 














r.) 
DIAMETER (wicRONS) 


Fie. 10. 
FREQUENCY CURVES OF PERCENTAGE VOLUME PER UNIT SIZE RANGE, 
---—--—-~-— SAMPLE 13a. —.— +-— SAMPLE 25a. 
~ se 2la. —-—-— pa 25s. 
-_-_— »» 21s. — eee 99 27q. 


curve was obtained; e.g., oil 13A (Fig. 10) was only taken to 20 microns 
since the concentration of large particles was very small, while other oils 
had to be taken further than this since the curve was approaching another 
maximum at this point. A general consideration of the curves showed 
that most of the oils had a peak volumetric concentration of particles 
below the 2 micron size. It was seen further that two different types of 
curve were present, curves hyperbolic and asymptotic to both axes, and 
curves showing a definite maximum and only asymptotic to the abscissa. 
With the latter type the peak generally occurs in the 0-2 micron range. 
The question arises whether such peaks are real and, in general, how much 
reliance can be placed on the curves. 
To obtain an idea of the truth it is necessary to consider the sources of 

error involved; the more important can be listed as follows :— 

(1) Losses during centrifuging ; 

(2) Unsatisfactory resolution by microscope ; 

(3) Incomplete dispersion, 
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The losses through centrifuging arise during the chloroform-bromoform 
separation of the inorganic material from the bulk of the carbonaceous 
material present. Some of the inorganic material, probably the finer sizes, 
stays with the carbonaceous material and is lost. Consideration of the size 
of conglomerate necessary to support a given size of iron particle made it 
appear likely that the size of the inorganic matter lost in the separation 
was smaller than that shown on the size distribution curve. Losses by 
this means can amount to 80 per cent of the inorganic material present. 
Table VII illustrates the very imperfect separation of inorganic from 
carbonaceous matter and the losses involved. 














TaBLeE VII. 
Percentage on oil basis Percentage on ash basis 
Oil , % Ash % Ash 
sample | Routine | jcovered | % Ash | %Ash | yield of 
rield 9 after | lost counted material 
y /O | centrifuging counted 
13A 0-047 0-019 60 40 93 
16A 0-15 0-079 48 52 68 
16B 0-18 0-10 45 55 85 
20B 0-04 0-021 48 52 82 
20B 0-04 0-022 45 55 83 
(check) 
20E 0-29 0-177 35 65 84 
20F 0-38 0-071 2 18 63 
20H 0-010 0-009 7 93 78 
21A 0-03 0-02 59 41 59 
23B 0-15 0-047 67 33 82 
25B 0-12* 0-076 37 63 87 
26A 0-074* 0-019 78 22 86 
29D 0-10 0-026 74 26 86 
29E 0-05 0-018 64 36 55 
38 0-32 0-167 48 52 51 
43B 0-05 0-008 84 16 59 
44B 0-54 0-184 66 34 2 
45 0-39* 0-133 66 34 95 
a | 

















* Differences from figures in Table V due to sampling difficulties. 


The fraction of the finest size found will, therefore, depend on how the 
inorganic and carbonaceous materials are held together inea particular oil. 
This fact by itself prevents deductions being made with regard to size 
distribution in different oils at the small size end of the curve since the 
losses during centrifuging are not likely to be the same. At the small 
size end of the curve the difficulty of lack of resolution by the microscope 
also arises. The light microscope sets a definite limit to the size of particle 
which can be resolved. Under ideal conditions and with monochromatic 
green light this limit is about 0-2 microns.2? Under, normal working 
conditions and with white light it is doubtful whether two adjacent half- 
micron particles could be distinguished from a single one-micron particle. 
Since the peaks occur near this border zone it is again unwise to place much 
reliance upon them. 

Through the courtesy of the Director of the National Physical Laboratory 
and the collaboration of Mr F. W. Cuckow it has been possible to have 








’ the 
r oil. 

size 
» the 
mall 
cope 
ticle 
atic 
king 
half. 
icle. 
uch 


tory 
1ave 








EXAMINATION OF USED ENGINE LUBRICATING OILS. 185 


two collodion suspensions of inorganic material from used oils examined 
on the electron microscope. The samples were treated in much the same 
way as was used for the light microscope, but in view of the lower nitro- 
cellulose concentration required for the electron microscope the collodion 
suspensions of the inorganic contaminant were diluted with twice their 
own volume of amyl acetate. The diluted suspensions were poured over 
glass microscope slides and the solvent allowed to evaporate with the long 
axis of the slides in a vertical position. The films were then separated 
from the glass slides and the thinner ends mounted for examination. 
Electron micrographs made from the inorganic residues from oils 21A and 
16B are shown in Figs. 11 and 12 and for comparison purposes a photo- 
micrograph of the residue from oil 16B at x 1000 is shown in Fig. 13. 
In the report from the N.P.L. it is suggested that with regard to sample 
21A, the electron micrographs make it clear that the “ particles ” of con- 
taminating matter are really aggregates of much finer matter. It is further 
suggested that the particles are in flake form, as most of them show an open 
structure inconsistent with equal measurements in three dimensions and 
as they are also easily carried by the thin mounting film, which would not 
be expected of solid particles of such size. The particles from oil 16B 
are larger than those in sample 21A and it seems probable from the fine 
structure to be seen at the edges of the particles that they are again made 
up from much finer matter. There is occasional evidence of electron 
transmission through the particles, again suggesting that the particles are 
porous aggregates. The remarks made on the probable flake form of the 
particles in sample 21A appear to apply with even greater weight to sample 
16B as the particles must now be much heavier, but they are still easily 
supported by the thin mounting film. 

The existence of such small particles raises the question of the significance 
of the size distribution data at the larger diameters. It might be suggested 
that all the particles assessed are agglomerates. Using the light microscope 
the appearance of a particle is the only means of telling whether it is an 
agglomerate or not. In general, if a particle has smooth edges, is not ragged, 
and appears homogeneous, and if, in the case of semi-transparent particles, 
no internal boundaries can be observed, then it is assumed to be a single 
particle. However, in a used oil the process of wear is not necessarily going 
to produce a majority of such particles; on the contrary, if a piece of metal 
is torn out by a welding contact it is likely to be rough unless rolled around 
and battered for a considerable time. Therefore an appearance of rough- 
ness cannot be taken as evidence of agglomeration. Further, metal par- 
ticles have to be extremely thin to transmit light, so that transparency 
or its absence is no general guide, and in addition the presence of carbon 
in the material prevents the recognition of colour variations. General 
ideas on the formation of wear debris do not give much information as to 
what type of particle is to be expected. For instance, smooth surfaces 
sliding over one another might be expected to produce particles of the order 
of size of the prevailing surface roughness, bearings might on cracking up 
under impact forces produce quite large particles, anodized coatings might 
become detached giving fairly large pieces of thin film, while copper-lead 
bearings might under severe service exude small spheres of lead. 

To gain an idea of the possible range of particle sizes produced by wear, 
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an oil sample was-collected from the base of the sump of a bearing testing 
machine in use in the Association’s Laboratory. This machine is a dummy 
engine having a cylinder, dummy piston, and crankcase, but is driven by 
an electric motor so that fuel contamination is absent and oil oxidation 
extremely slight. The crankcase is shallow and the oil sample was taken 
from the sump immediately below the crankshaft, where heavier particles 
of wear debris might be assumed to settle. The normal separation process 
was applied to this oil and the particles examined at 500 magnification, 
A wide range of sizes was apparent and since the particles were free from 
carbon it was possible to see and distinguish between particles and agglomer. 
ates, at least in the larger sizes. Fig. 14 shows the sample at 500 magnifica. 
tion by transmitted light. (The rings round the larger particles may be 
interference rings caused by the collodion film.) Particles as large as 600 
microns diameter were measured at 50 magnification and they were not 
spherical but flat in shape. It is concluded that individual particles of the 
sizes found in the counts of the used oils can exist as separate units. 

It might perhaps be suggested that the electron microscope would provide 
the ideal tool with which to measure the particle size distribution. There 
are, however, a few drawbacks. On account of the high magnifications 
and the small specimen the number of particles which can be inspected is 
small, so that sampling errors are likely to be high. Large particles, 
i.e., greater than about 4 microns, cause severe difficulties in mounting 
owing to their large mass with respect to the very thin collodion film in 
which they are mounted and to the fact that they heat up in the electron 
beam, both factors causing them to break the supporting film. 

There is, however, another aspect to the question of size distribution, 
which is to assess the particle sizes of contaminating matter present in a 
used oil, with regard to the problem of oil filtration. Here interest is not 
so much focused on ultimate particle size as on the sizes of particles or stable 
agglomerates as present in the oil. The ultimate particle size is of high 
value, and this is probably the size to be referred to in connexion with 
the mechanism of wear, catalytic effects, and rate of solution of the particles 
in components of the oil. 


What evidence exists for the state of the particles present in a used 
normal undoped oil ? 


(1) The oil may be reclaimed by the simple process of allowing it 
to settle over a period of some months ; 

(2) The oil may be filtered from suspended impurities without undue 
trouble; 

(3) The oil may be centrifuged after dilution with an inert solvent, 
and a clear liquid obtained. 


All of these facts point to the existence of particles or agglomerates 
greater than those in the colloidal range (that is, greater than about 0-2 
microns) which would not settle or be filtered out by anormal filter. Certain 
oils containing detergents are noted for the difficulty with which they are 
filtered or centrifuged. This is possibly a case where all the material present 
is dispersed almost completely to the ultimate particle size. It can thus 
be concluded that if the ultimate particles in a used oil are not greater than 
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Fig. 15a. 
SHAPE OF SEPARATED INORGANIC SOLID 
* PARTICLES ** FROM SAMPLE 29F. 
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(0-2 microns they must be present as aggregates * either of metal-metal, or 
metal-carbonaceous material or a mixture of these varieties. In the 
following paragraph the state of agglomeration of the particles after the 
centrifuging treatment is compared with the original state in the oil. 
«Under the influence of the various solvents used, gummy materials 
bonding the metal-carbonaceous aggregates (conglomerates) will be 
dissolved away and conglomerates dispersed. Not all the conglomerates 
will be dispersed by the solvents used, but only those bound by the more 
easily soluble organic material. The aggregates not broken up will be the 
conglomerates cemented by highly oxidized and polymerized material and 
those metal-metal agglomerates that are held by strong surface forces and 
not affected by solvents; these types will be the more highly resistant to 
crushing in the engine. The conglomerates might be capable of further 
dispersion by the use of more active solvents such as carbon bisulphide, 
but it is doubtful whether this would be desirable since stable conglomerates 
may possess higher abrasive properties than the same amount of particles 
completely dispersed. 

Under the influence of the centrifugal force the particles are pressed 
together at the bottom of the centrifuge tube where “ extraneous ”’ glomera- 
tion can occur. It is an experimental fact, however, that these particles 
readily redisperse in benzene or in the collodion solution used for mounting, 
merely by shaking with the liquid, and so the glomeration, if it occurs, is 
only temporary. 

It may be concluded, therefore, that although the method of measure- 
ment does not indicate the sizes of all the aggregates present in the original 
oil, or necessarily the ultimate sizes of the particles present, it does indicate 
the sizes of the stable aggregates present, and may therefore be used to 
assess those abrasive properties which depend on size. Further, the data 
are relevant from the point of view of filtration since such aggregates (or 
particles) exist in the oil although perhaps they form looser aggregates of 
larger bulk. 

Particle Shape.—A further factor in problems both of filtration and of 
wear, is particle shape. The inorganic material in a used oil is far from 
homogeneous and it was considered possible that particles of different size 
also differed greatly in shape. An inspection of the photographs of Fig. 15 
will show that although the particles can be ragged, they conform to the 
same pattern, roughly circular, although there is obviously a wide variety 
of types. This would appear to apply also to the particles examined by 
the electron microscope as far as the ultimate fine particles are concerned. 

It was considered possible that some shapes were flat and some spherical, 
and a measure of the state was made by carrying out a “ depth count ” 
on the inorganic material from oil 42B. A calibrated dial was attached 
to the fine focusing wheel of the microscope and readings on the dial were 
related to movement of the objective lens by the use of a dial gauge reading 
to 0-0001 inch. Calibration was carried out only at 1000 magnification. 
The depth count was made by focusing first on the background of the 





* In the present work the word “ agglomerate”’ denotes a metallic—metallic 
assemblage of particles held together by strong forces; the word ‘‘ conglomerate ”’ 
denotes an assemblage of particles cemented together by carbonaceous material, and 
the word “ aggregate ”’ is the general term to cover all types. 
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smallest particles and then on the top of the particular particle under 
consideration. The particle measured for depth was also assessed with 
respect to diameter in the normal manner by reference to the circles of the 
graticule. Difficulty of focusing, and possibly optical effects of the collodion 
film, caused rather wide scatter in results so that a check count was made 
on small glass spheres formed by blowing glass dust through an oxy-coal 
gas blow-pipe flame. The results are shown in Fig. 16, the lines showing 
the mean result and the areas indicating the scatter of results. Within the 
experimental errors and up to the maximum size measured (10 microns) 
the particles can be taken as similar and roughly spherical. There is con. 
flicting evidence as to the particle shape over the complete range of sizes 
present. The particles observed on the electron microscope had a flake 
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form; those measured in the depth count (up to 10 microns diam.) were 
approximately spherical; while larger particles often appeared to be flat. 
Further detailed study would be necessary to define the shapes existing over 
the whole size range. 

Consideration of the Particle Size Distribution Curves.—It is proposed here 
to consider these curves in a more general way, with regard to the shape 
of the percentage volume-diameter curve (see Fig. 10). It was thought 
that the hyperbolic curve might represent the truer picture of the size 
distribution, the particles present continually decreasing in size and 
approaching molecular dimensions. As a partial check on this, ash measure- 
ments were carried out on some of the oils from the hot filtration deter- 
minations. If the particles are small enough to pass through an asbestos 
filter, or are soluble in the oil, but not volatile on ignition then they will 
show up as an ash yield on ignition. Table VIII shows the results obtained 
and for comparison the total ash yield of the unfiltered oil. Since the 
determinations were carried out on about 20 g of oil using a normal analytical 
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balance, 0-001 per cent represents approximately the limit of accuracy ; 
visual evidence however did show ash to be present where this figure is 
given; where “nil” is written, no ash could be seen or weighed. The 
table shows that in only three cases, oils 1AIII, 13C, and 19, did any 
appreciable amount of inorganic matter pass the filter either as particles or 
in solution and so no confirmation of a general hyperbolic curve was 
obtained. 

Particle Size in Relation to Service History.—In view of the asymmetric 
nature of the particle size distribution curves, it is difficult to assign a 
figure to each curve which will fairly represent an average of the particle 


Taste VIII, 








l 
: Percentage ash yield | Percentage ash yield 
O08 sumber filtered oil |" eaeed ot 
1AIII 0-007 0-22 
IBI 0-001 0-01 
1cI 0-001 0-17 
1BII nil 0-17 
5A nil 0-18 
5 0-002 0-10 
7A 0-001 0-12 
7B 0-001 0-17 
10A 0-001 0-03 
10B 0-003 0-10 
13A 0-002 0-05 
13C 0-010 0-17 
15 0-001 0-18 
16A 0-002 0-15 
16B 0-004 0-18 
19 0-008 0-14 
20B nil 0-04 
20F 0-002 0-38 
20H 0-004 0-01 











sizes present. It will be recalled that arbitrary limits had to be set at both 
ends of the curve so that a cumulative percentage curve could be obtained. 
Bearing in mind these limitations, it was attempted to correlate various 
factors from the histories and data on the used oil samples, with the 
particle size as expressed by the size corresponding to 70 per cent volume 
on the cumulative curve.* 

Little correlation has been found between particle size and the various 
factors studied. This lack of correlation can be assigned in part to the 
inaccuracy of the figure for index of particle size, but it is believed that a 
major influence is the very large number of factors which influence the state 
of a used oil and are not evident in the available data. For comparative 
purposes, it might be possible to increase the accuracy of the particle size 
figures by a process of standardization in the experimental technique, for 
example, by standardization of the limits between which sizing is carried 
out, say between 2 and 100 microns diameter. 





* This index of size has been found satisfactory in comparing abrasive wear data.’® 
It seems better than a statistical average index of particle size, especially from the 
point of view of mechanical wear, as it has a bias towards the larger particles and yet 
is sufficiently removed from the ‘‘ maximum particle size ’’ to be unaffected by errors 
in counting at that end, 
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In an attempt to find correlation, the data referring to each of the oils 
examined for particle size distribution were compared with the information 
available on the service of the vehicles in which these oils have been used, 
and also with each of the many data of analysis determined in the labora. 
tory. No positive correlation could be found, with the exception, perhaps, 
of saponification number which shows a tendency to decrease with increasing 
particle size, although scatter is fairly wide. The correlation between 
saponification number and particle size may be linked with the possibility 
that the majority of “ particles” are aggregates, and with the nature 
of the saponifiable material. Such material may consist largely of esters, 
lactones, and soaps of metals, and it is a possibility that such materials act 
in a manner similar to the detergent additives (such as aluminium naphthen. 
ate, aluminium stearate, calcium dichlorostearate, etc) which are known 
to cause dispersion of particles in oils. 

Typical Used Oil.—Some time has been devoted to determining what the 
particles counted represented, and perhaps a typical used oil may be 
described with regard to the particles in circulation in the following terms. 

First of all, the inorganic material is of very small size, only about 10 per 
cent of the particles counted being above 25 microns (i.e., approximately 
one thousandth of an inch). Secondly, it would appear that the majority 
of the particles, although not all, as measured in the counts, are really 
aggregates of particles of the order of one-tenth of a micron. Also present 
in the oil there is in general a much larger proportion of carbonaceous 
material than of inorganic matter (the carbonaceous material also appears 
to be very finely divided), together with a complicated range of oil oxidation 
products including resins, asphaltenes, and acids, 


Chemical Analysis of Inorganic Solids. 


The analytical data from the inorganic contaminant of used oils listed in 
Table IX provide a number of points of interest. In all cases it must be 
borne in mind, in order to avoid misinterpretation, that the concentration 
of the inorganic material may have as much or more importance than the 
composition. For example, oil 21A appears from the composition to con- 
tain a high proportion of calcium oxide, suggesting perhaps undue con- 
tamination from road dust, but when the ash yield of 0-03 per cent is 
considered it might be interpreted instead as a case where engine wear is 
very small and dust contamination normal, thus producing the adverse 
ratio indicated. The data show that with unleaded fuels and undoped 
oils, the major constituent of the inorganic material present in a used oil is 
iron, followed by aluminium, with the other components having values in 
the region of 0 to 5 per cent. The constituents of the analysis might be 
grouped roughly to represent functional components of the engine in the 
following manner: Fe,0,—cylinders, piston rings, pistons, and journals; 
Al,O;—pistons; SnO,, Sb,03, PbO, CuO—bearings. It is obvious that, 
without an exact knowledge of the composition of the components of 
the engines from which the oil sample has come, this classification may be 
very doubtful, since, for example, bearings could be composed of white 
metal or copper-lead, and pistons may be made of cast iron or light alloy. 
However, a rough indication of the source is probably given, it being likely, 
for example, that the iron content indicates cylinder and piston ring wear 
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fairly well. No distinction is drawn between abrasion, corrosion, and iron 
introduced with air-borne dust or otherwise. 

Smaller percentages of silica than expected were found. The iron and 
aluminium oxides present are likely to have a greater effect in view of their 
higher concentration and rather similar abrasive properties. Oil 38 from 
engines using leaded fuel shows a very marked difference in analysis, with a 
major component of lead, and iron taking second place. In this particular 
case the expression of the results as oxides is likely to be in error, and in 
oil samples of this type an addition to the system of analysis would be 
required in order to identify and estimate the acid radicles derived from the 
halogen compounds present in leaded fuel. The introduction of the lead 
has depressed the percentages of the other components, but does not 
appear to have caused major changes in their ratios. Sample 45 shows 
an extremely high silica content for which no explanation can be found in 
the available data. 


Chemical State of the Inorganic Particles. 


The chemical state of the inorganic particles in a used oil has so far 
not been considered in any detail. In calculating the chemical analysis 
the particles were assumed to be present as oxides for the reasons outlined. 
It was felt that some work should be carried out on this side of the problem 
since the chemical state would be of particular importance with regard to 
the abrasive character of the particles. The chemical state is of general 
importance in view of the smallness of the particles found and their accom. 
panying large surface area. As a rule the catalytic influence. of a material 
depends on the amount available and in the case of an insoluble solid this 
amount will be proportional to the surface area. The catalytic effect in 
decreasing the stability of an oil towards atmospheric oxidation will 
depend both on the substance and its area. Some idea of the extent of 
this surface may be obtained as follows :—Assuming a concentration of 
inorganic material of C g per 100 g of oil, and further, that the particles are 
spheres of radius r and of density A, the total surface area of contaminant 


= * sq cm per 100 g of oil. As areasonable value the concentration may 


be taken as 0-1 g per 100 g of oil. With regard to the density, it is necessary 
to make a rough assumption. Since iron is the metal present in the greatest 
proportion, generally greater than 50 per cent in these particular oils, it is 
likely that the density will be somewhere in the region of that of metallic 
iron or iron oxide, and the value 6 g per cu cm may be taken as an approxi- 
mation. It is not possible to assume an average particle size for all the 
used oils, but the calculation may be carried out for 10 micron and 1/10 
micron diameter particles and the true value may reasonably be expected 
to lie between these limits. Total surface area for 10 micron particles = 
100 sq cm per 100 g of oil (0-22 sq ft per gallon approx.). Total surface 
area for 1/10 micron particles = 10,000 sq cm per 100 g of oil (22 sq ft per 
gallon approx.). These areas indicate the importance of the surface of the 
inorganic matter and hence the need for its study. 

In the case of an engine using leaded fuel it is likely that the wear debris 
and, perhaps, some air-borne materials will react chemically with some 
of the products of combustion which enter the crankcase. Some reaction 
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with doped oils is also probable, so that the debris present in the crankcase 
is different from that originally formed. In the present work, using in 
general unleaded fuels and undoped oils, reactions may occur, but of a 
milder variety, and the nature of the debris in the crankcase will approach 
more closely the character of the material formed during the abrasive wear 
rocess. 

: The various reagents present in the crankcase include chiefly oxidation 
products of oil and fuel (in particular acidic products), water, and dissolved 
oxygen and carbon dioxide, together with other probably less active 
materials. In addition, polar oil compounds of all types will tend to be 
adsorbed on the surface of the wear debris, as also will soot from the fuel. 
By the process of centrifugal separation using various solvents, most of the 
oily material in close contact with the wear debris will be removed and the 
particles will be left with only strongly adsorbed molecules and chemically 
combined components. The problem was to gain some information as to 
the bulk chemical state of such particles. 

The first difficulty encountered was the problem of corrosion by the 
chloroform—bromoform mixture, which has already been discussed with 
reference to particle size.45 It is believed that corrosion from this source 
has been largely eliminated by the use of as short a contact time as possible, 
together with the use of pyridine as an inhibitor. The second difficulty 
was the possibility that drying of the final benzene-wet separated inorganic 
residue in the oven at 100°C, in order to obtain a sample suitable for 
weighing, might lead to conversion of the finely divided material present into 
an oxidized form. It was. thought that a minimum weight would be 
obtained, representing the stage when the sample was free from benzene, 
followed by a period of increase in weight when some of the metallic material 
probably present formed oxides. 

An attempt was made to decide this question by drying the sample, 
weighing, increasing the temperature, reweighing, and so on. The curve 
of Fig. 17 together with the data on the graph illustrates the result from 
this test. The first stage was not considered to answer the question con- 
clusively so the experiment was continued, using conditions of temperature 
in which oxidation is known to occur, the change in weight being followed 
until in this case a steady weight, representing the fully oxidized condition, 
was obtained. The material was then reduced by heating in coal gas and 
constant weight again obtained representing in this case the residue having 
as high a proportion of metal as could exist under atmospheric conditions. 
This material was again subjected to prolonged drying conditions and the 
changes in weight followed. The initial part of the curve of Fig. 17 suggests 
that no oxidation occurs during drying, up to temperatures of 200° C since 
a reasonably uniform weight of sample is obtained between 90 and 220° C. 
The fluctuations in weight are attributed to the large surface of the centri- 
fuge tube in which the weighings were at first carried out. This is not 
conclusive evidence since benzene might have dried off at approximately 
the same rate as oxidation occurred. The latter part of the curve, however 
(points A and B), is considered conclusive for here a fully reduced residue 
showed practically no increase in weight after heating at 100° C for 41 hours. 
It is concluded, therefore, that drying off the benzene at 100° C does not 
alter to any great extent the chemical state of the particles and that the 
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preliminary treatment by centrifuging with solvents followed by drying of 
the sediment gives a suitable sample on which to investigate the chemical 
state of the debris as present in the oil. 

Some qualitative evidence exists for the state of the inorganic material 
and it may be summarised as follows : On warming the separated inorganic 
material with dilute mineral acid, hydrogen is evolved, indicating the 
presence of uncombined metal. The separated matter in the centrifuge 
tube varies in appearance from oil to oil but is often a metallic grey colour 
which reflects light when shaken up in benzene. Some residues are black 
and non-reflecting, while others tend towards the colour of rust. This 
suggests a variation in state from sample to sample. 

The particles appear to be magnetic; this is illustrated by Fig. 18, 
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EFFECT OF DRYING ON INORGANIC RESIDUE. 


obtained by photography, at x 60 magnification, of collodion mounts of the 
inorganic matter which were allowed to set while resting on the pole pieces 
of a powerful magnet. This is evidence for the presence of iron or its 
magnetic oxide. The test is not at all specific, but illustrates an interesting 
property of the inorganic matter. 

It was hoped to obtain quantitative data on the state of oxidation by 
using the processes of oxidation and reduction by means of oxygen and 
hydrogen at high temperatures, and by weighing the initial sample, the 
residue and the products. It was found difficult to achieve success since 
the calculations were seriously upset by the volatilization of part of the 
sediment in both the oxidation and reduction experiments. The volatile 
material appeared to be both of the inorganic and organic variety. In the 
oxidation test a white ring of sublimate appeared in the combustion tube, 
and in the reduction test a yellowish mirror and what appeared to be an 
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oily mist were observed. Experiments were carried out on two residues, 
first, from oil 27CI, and then from oil 42B. The latter oil was chosen 
because chemical analysis showed the residue to consist almost wholly of 
iron compounds. It was thought that the more homogeneous residue of oil 
42B would cause less trouble, but, on the other hand, this composition of 
residue is not normal and no generalization could be made from the result. 
Normal precautions were observed as far as organic combustion analysis is 
concerned. Crushed fused lead chromate was used to absorb any halogens 
present. Actual weights of materials are included to indicate to some 
degree the errors possible. The results from these experiments are given 
in Table X. 

In the case of oil 27CI the weight of inorganic starting material free from 
organic matter was 100—(17-7 + 1-7) = 80-6 per cent which on oxidation 
gave 71-7 per cent. If any free metal oxidized, a gain in weight would 


TABLE X. 
Results of Oxidation and Reduction Experiments. 

















Oil no 27CI 42B 

Oxidation | g. % g. % 
Weight of dried “‘ inorganic ’’ | 

residue . 2. 2S sSt«( «| «CSS | |= 00Ss|:CsC( 0878 100 
Weight after oxidation treat- | 

ment . .  .  .| 01100 | 71-7 | 00600 | 88-6 
Weight of CO, produced . | 0-0996 | 66-0=17-7C | 0-0163 24-1=6-6C 
Weight of H,O produced .| 0-0238 | 15-5=1-7H, | 0-0043 | 6-35=0-7H, 
Reduction | | 
Weight of dried “‘ inorganic ” | | 

residue . ; : - | 00583 100 |} 0-1559 | 100 
Weight after reduction in | 

hydrogen Sneha 0-0434 | 746 «=| 0-1041 66-8 
Weight of H,O produced. | 0-0121 | 20-8=18:50, | 0-0502 | 32-2=28-60, 





have been expected, but any such gain has been more than neutralized by a 
loss due to volatilization. The weight of the inorganic part after reduction 
in hydrogen = 74-6—(17-7 + 1-7) = 55-2 per cent. The loss on reduction 
was, therefore, 80-6—55-2 = 25-4 per cent, while the oxygen removed, 
calculated from the water produced, was only 18-5 per cent giving a loss by 
volatilization of 6-9 per cent. In spite of the different conditions, the 
volatilization loss during the oxidation process might be assumed to be 
similar. It would follow that the original material was present mainly as 
oxide, since if this weight is added to the weight of oxidized material it 
gives the weight of the initial inorganic sample within the limits of experi- 
mental error. The value of the factor ‘reduced material/starting 
material ” = 55-2/80-6 = 0-69. The results from oil 42B may be dealt 
with in a similar manner: Wt. of inorganic starting material = 100— 
(6-6 + 0-7) = 92-7 per cent; Wt. after oxidation = 88-6 per cent; Wt. 
after reduction in hydrogen = 66-8—(6-6 + 0-7) = 59-5 per cent. Oxygen 
loss = 33-2 per cent. Oxygen collected from water = 28-6 per cent. 
Volatilization loss = 4-6 per cent. Again, if a similar loss also occurred 
during the oxidation process, it is indicated that the starting material was 
fe) 
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present as oxide for the same reason as stated above. The value of the 
factor “reduced material/starting material” = 59-5/92:7 = 0-64. The 
residue from oil 27CI had not been analysed chemically and, in view of the 
errors caused in the combustion analysis by the volatile portion present, it 
was not considered desirable to spend the necessary time on this work, 
Instead, an indication of the probable decrease in weight of the residue 
when reduced by hydrogen was obtained by calculating the weight of the 
metallic residues which would be produced by reduction of those inorganic 
residues of which the analyses are listed in Table IX. It was assumed on 
general chemical grounds that, of the materials listed, iron, antimony, tin, 
copper, lead, and zinc oxides would lose oxygen when heated with hydrogen, 
while oxides of aluminium, silicon, magnesium, and calcium would not. In 
“this way a value of the factor ‘‘ reduced materials /oxide”’ was found for twelve 
analyses, the sample from the engine running on leaded fuel being omitted. 
The value of this reduced material /oxide factor ranged from 0-713 to 0-842, 
with a mean value of 0-785. If all the metals were originally present as 
oxides in the oil then the factor would have a value of 0-78 + 0-07; on the 
other hand, if the original state were metallic the factor “‘ reduced material/ 
starting material” would have the value 1. If none of the oxides were 
reduced by hydrogen then the weight would be unchanged and hence the 
factor would also have the value 1, but no water would be formed in this 
case. The factor found experimentally for the residue from oil 27CI was 
about 0-69 and that from oil 42B about 0-64. The factor “ metal to oxide ” 
for oil 42B, calculated from the data given for this sample in Table IX, 
is 0-71. Consequently, it would appear that these residues are composed 
of oxides. The tentative conclusion to be drawn from the whole of this 
part of the work is that the particles of inorganic contaminant in a used oil 
from engines running on non-leaded fuel and without the presence of oil 
additives, consists in the main part of oxides together with a small propor- 
tion of free metal. 


Correlation of Light Extinction Coefficient with Other Data of Analysis. 


In view of the simplicity of the optical method of measuring oil contamina- 
tion, the meaning and accuracy of this test is of considerable interest. The 
correlation between extinction coefficient and other test results is discussed 
in the following paragraphs. 

Fig. 19 gives the correlation of extinction coefficient with petroleum- 
ether insolubles for samples from petrol and C.I. engines. In spite of the 
scatter, which is far from negligible, it can be seen that, for equal per- 
centages of petroleum-ether insolubles, extinction coefficients tend to be 
higher for C.I. engines than for petrol engines. It was suggested that this 
difference might be the result of a different proportion of carbonaceous 
matter in the petroleum-ether insolubles separated from the two groups of 
used oils. A plot was therefore prepared of extinction coefficient against 
carbonaceous matter indicated by percentage benzene insolubles less ash 
content. The result isshown in Fig. 20. It appears that scatter is reduced, 
especially with the petrol engine oils, and correlation is about the same for 
the two oil groups. 

It is concluded that the extinction coefficient of a used oil is mainly 
influenced by its content of carbonaceous matter. The asphaltenes and 
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the inorganic particles apparently absorb less light than the opaque car- 
bonaceous particles. This is further supported by a detailed examination 
of Fig. 21 in which light extinction coefficients are plotted against petroleum- 
ether insolubles less ash content, i.e., against carbonaceous matter plus 
asphaltenes, for petrol engine oils. Several of the points show particularly 
low extinction coefficients and on closer examination it is found that the 
petroleum-ether insoluble matter of these oils (20H, 29A and B, 44A, and 
55B and C) contains between 50 and 64 per cent asphaltenes. This is about 
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CORRELATION BETWEEN LIGHT-EXTINC- 
TION COEFFICIENT AND PERCENTAGE 
OF CARBONACEOUS MATTER. 
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CORRELATION BETWEEN LIGHT-EXTINCTION 
COEFFICIENT AND PETROLEUM-ETHER 
INSOLUBLES. 


+ PETROL ENGINES. 
O C.I. ENGINES. 


twice the value of 23 per cent, the average proportion of asphaltenes found 
in the petroleum-ether insolubles of oils drained from petrol engines. 

Another point of interest is the little effect inorganic matter appears to 
have on the light transmission of the oils. For example, oils No. 20F and 
28BVII have high ash contents, but low extinction coefficients as compared 
with their petroleum-ether insolubles (see Fig. 21). If the ash contents 
are deducted from the petroleum-ether insolubles, the two points come to 
lie very close to the average curve. It appears that in these two cases the 
inorganic particles absorbed comparatively little light. 

It is possible that the fairly good correlation shown in Fig. 20 is the 
result of little variation in the constituents of the oils examined. The basic 
oils available to British refiners have been limited by war-time arrange- 
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ments of supply from overseas; consequently, scatter might well be greater 
with a greater variety of oils. - 


Examination of Spot Test Results. 


The spot test is even simpler than the determination of the light extinction 
coefficient. It is, of course, not easily expressed as a number and evaluation 
can only be made visually, although the personal factor might be reduced 
by comparison with standard spots. 

In the following paragraphs an attempt is made to find the correlation 
between the insoluble content of an oil and the appearance of the spot test. 
A number of spot tests have been selected and photographed and are shown 
in Fig. 22. 

Before attempting to explain the spot tests reproduced in this report, 
it should be stated that it is very diffi- 
cult to reproduce the actual spot tests 
photographically. Photographs made 
by reflected light are shown in 
Fig. 224, while Fig. 22B-p shows 
photographs taken by combined trans- 
mitted and reflected light. While 
the latter do not reproduce the halo 
formed by the oil itself, they give a 
better indication of the differences in 
darkness of the actual spot. How- 
ever, some oils such as 43B, 44A, and 
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CORRELATION BETWEEN LIGHT-EXTINC- tion. 
ETHER INSOLUBLES Less asi contest In a number of samples the higher 
FOR PETROL-ENGINE OILS. percentage of contaminating matter 
expressed as petroleum-ether in- 
solubles goes parallel with a darker spot (as an illustration see samples 
13B, 13C, 16A, 16B, 27AI, 27AII reproduced in Fig. 22B-p). 

Other samples indicate the higher insoluble content by a spot greater in 
area than that of another oil with a lower dirt content (see samples 10A, 
10B, 42A, 42B reproduced in Fig. 22). 

Spot tests No. 1BI, 1BII, 1BIII go parallel with the analyses of con- 
tamination which showed sample 1BI (petrol engine) to be more highly 
contaminated than IBIII (new oil) but less than 1BII (C.I. engines).* 
Spot tests of oils 27BI, 27BII, and 27BIII, as well as analytical data, show 
the similarity of these three samples. The difference in insoluble content 
of samples 5A and 5C is not so much indicated by the darkness of the 
spot as by the greater area covered by it, while the insoluble content of 
sample 5B, being lower than that of 5A and 5C is borne out by the lighter 
shade of the spot. 

Oil samples 28C and E are also almost identical regarding appearance of 





* This difference has been lost in the reproduction. Spot 1BII is actually pitch 
black, but its glossy surface reflects light resulting in the lighter shade reproduced. 
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the spot test and insoluble content; 28A is less contaminated than 28C 
and 28E, but does not appear to be so from the spot test, which is smaller 
in area, but shows a dark rim at the edge of the spot. 

The difference of spot test of sample 28A and that of 28C and E is probably 
due to the contaminating matter of oils 28C and E being in a fine suspension, 
which would cause the fine particles to spread out. The fine suspension 
of the insoluble matter in these two oils was proved by the fact that no 
complete separation could be obtained by centrifuging. In this connexion 
oil samples 29C, D, E, F are interesting because in none of these oils could a 
separation by centrifuge be obtained. There is some difference between 
these oils, which is indicated by the wide spreading of the spots of samples 
29D, E, F as opposed to the compact spot of sample 29C. Oil 29C could 
be filtered with ease, 29D only with difficulty, while 29E and 29F could not 
be filtered at all. 

In the above paragraphs only those spot tests have been compared in 
which the same new oil had been used in different vehicles. 

Comparison of spot tests of used oils of different origin was considered 
inadvisable as the nature of the oil itself has a great influence on the type 
and formation of contaminating matter in the used oil. For example, 
the degree of dispersion of insoluble matter is likely to have a considerable 
bearing upon the appearance of the spot. This may help to explain why 
two oils of different source may have a similar insoluble content but quite 
different spot tests (see samples 5A, 1-18 per cent; 25B, 1-14 per cent; 
16A, 0-95 per cent; and 42B, 0-86 per cent). Other oils with similar spot 
tests may have quite different insoluble contents (see samples 13C, 1-34 per 
cent; 43B, 3-66 per cent; 5A, 1-18 per cent; and 44A, 2-14 per cent). A 


high degree of dispersion of the insolubles is clearly indicated by spot tests of 
samples 21A, 25A, 27AI, 27AII, 46A (apart from samples 29D, E, and F 
mentioned before). With all these the first indication of separation was 
only observed after centrifuging for at least 2 or 3 hours, and some of 
them even after 5 hours gave only partial separation. 


Viscosity of Filtered Used Oils. 

The results are summarized in Figs. 23 and 24 from which it appears 
that the diagrams represent fairly normal distribution curves, the irre- 
gularities probably being due to the small number of samples. The oils 
taken as a whole centre round a viscosity of about 120 cs (488 sec Red.) 
at 100° F, and about 22 cs (93-9 sec Red.), at 170° F, while the viscosity 
index appears rather on the high side in the region of 100. Fuel dilution 
is present in the oils and this may account for the high viscosity index. 
Splitting the results into oils from compression ignition and from spark 
ignition engines shows no marked differences between the groups. There 
is perhaps a tendency for the C.I. engine oils to show a slightly lower 
viscosity index. 


Effect of Dilution on Viscosity. 
In Table No. XI the viscosity values and data on diluent content of 
on groups of samples are given. Within each group the same new oil has 
n used. 
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TasBLe XI. 
Effect of Dilution on Viscosity. 
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These figures confirm that, in general, while dilution lowers the viscosity 
of lubricating oils in petrol engines, with the C.I. engine oils examined 
dilution does not seem to have been high enough to overcome the thickening 
effect of oil deterioration. 





Opinions on the Various Tests for Used Oils. 


A large number of tests on used oils have been carried out and it was 
thought of value to consider these tests in the light of the experience gained 
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in using them and to suggest which of them would provide the most useful 
information with the minimum of trouble. 

The problem is considered from the oil user’s point of view, since for 
research purposes the complication and tediousness of a method should not 
matter provided they are necessary to obtain the required information. 
For a vehicle operator, however, the main interest probably lies in deter- 
mining when an oil has reached a state unfit for further use. 

The condition of an oil when it is not fit for further use in an engine 
is difficult to define quantitatively and an oil unfit for use in one engine 
might still be useable in another. The limiting state might be defined as 
being caused by an undue accumulation of either foreign matter or deteriora- 
tion products. The foreign materials will be those arising from engine wear, 
air-borne dust, fuel and fuel products, entrained water, and the like; while 
the deterioration products will be those due to oil oxidation, cracking, and 
polymerization. 

The maximum permissible levels of the concentrations of the various 
contaminants are a matter for service experience to decide, and an agree- 
ment as to the methods of measuring these levels would assist the inter- 
change of information on this and kindred subjects. 

The contaminants may be divided into (1) oil insoluble, (2) oil soluble, 
and (3) an intermediate class. The vil insoluble components in general 
consist of some oil oxidation products, soot, wear debris, dust, and water. 
Such components form a reasonable basis on which to assess the general 
dirtiness of an oil. The oil soluble products will be mainly fuel, some oil 
oxidation products and dissolved gases, the latter in general being neglected. 
The intermediate class may consist of certain oxidation and polymerization 
products and possibly some of the water, both materials being capable 
of existing in an emulsified or colloid state. 

As a general indication of the dirtiness of an oil the content of benzene 
insolubles, using the alundum thimble method, appears to be accurate and 
reliable, but takes some time; petroleum-ether insolubles are determined 
more quickly and are probably not inferior in accuracy ; the method involv- 
ing the absorption of light is very speedy but not comparable in accuracy ; 
the filter-paper spot test while requiring a minimum of apparatus is difficult 
to evaluate. The measurement of water and sediment by centrifuge gives 
reasonable speed and accuracy, particularly if a gravimetric rather than a 
volumetric method is used. The gravimetric centrifuge method has been 
applied in that section of the oil cleaning research directly concerned with 
filter tests. Weights rather than volumes are measured thgoughout, the 
final ‘‘ dirt ’’ sediment being dried at 110°C prior to weighing, so that 
water is not included in the resulting figure for contaminant. 

The ash yield probably gives a reasonable evaluation of the concentra- 
tion, but not the size distribution nor the type of the inorganic abrasive 
material present in the oil. 

The factor next or equal in importance to the dirtiness of the oil is 
probably the extent of fuel dilution, the operating function being the effect 
of dilution in decreasing viscosity and possibly oiliness, with the attendant 
reduction in oil film thickness and increased risk of wear. The question of 
oiliness will not be discussed, since it is believed that at the present there is 
no generally accepted method of measuring it. It is questionable whether a 
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measurement of dilution as such is to be preferred to a measurement of the 
viscosity of the filtered, diluted oil. In the case of petrol, fuel dilution can 
be measured readily and accurately; in the case of diesel fuel oil the over. 
lapping of the boiling ranges of the fuel and lubricant makes accurate 
separation very difficult.28 In the case of oil fuels, therefore, fuel dilution 
measurements can only be a rough approximation. 

It is suggested that viscosity measurements on the filtered lubricants 
should be used in routine work and referred to an agreed minimum viscosity, 
instead of dilution measurements. If, of course, dilution is being investi- 
gated as such, then the problem belongs to the field of research and any 
method suited to the particular case may be applied. 

The deterioration of the lubricating oil itself can have important con- 
sequences, including alterations in viscosity, corrosion of components 
and the formation of deposits and lacquers in various parts of the engine. 
Viscosity generally increases with deterioration, but is offset by fuel dilution 
so that the proposed viscosity measurement includes the two effects. 
Consequently, apart from the minimum limit of viscosity, a maximum 
limit of viscosity should not be exceeded. Corrosion problems are complex 
and it is suggested (in common with other workers) that acid values and 
saponification numbers are inadequate to express the corrosivity of an oil. 
Some form of corrosion test involving the specific materials concerned 
would be of more value in this respect. Apparatus of this type has already 
been used.” It is suggested that the acid value and saponification number 

- should be omitted from tests on used oils and a corrosion test substituted. 

The minimum number of tests which would indicate the state of a used 
oil from the point of view of the engine operator might-therefore be as in 
Table XII. 








TaBLe XII. 
Suggested Methods of Test. 
Quality indicated Method of indication 
General dirtiness. | Petroleum-ether insolubles or gravimetric centrifuge. 
Less accurately by light absorption or filter spot 
test. 
Abrasiveness Ash yield. 
Dilution or increased viscosity | Viscosity of filtered oil. 
Corrosiveness. | Corrosion test (the general acceptance and standardisa- 


| tion of a suitable test seems to be highly desirable). 





CONCLUSIONS. 


It may not be out of place to repeat here that, although many samples 
were obtained from operators all over the United Kingdom, the supplying 
firms had been limited to members of M.I.R.A. and of these not all were 
able to co-operate. No attempt was made to obtain a statistical cross- 
section of the motor vehicle operators in this country, but it is thought 
that, in view of the great number of oils examined, the conclusions offered 
may be accepted as of not inconsiderable value. 

The samples received from the operators come, (a) from C.I. engines 
nearly all of which were installed in buses, and (b) from petrol engines of 
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which about equal numbers were used in light trucks, heavy trucks, and 
buses. Information supplied by the operators indicates that the intervals 
between crankcase drainings were lower for petrol engines than for C.I. 
engines. This is contrary to common experience and is probably caused 
by the fact that a high proportion of the vehicles with petrol engines had a 
comparatively low daily mileage. Information is given by the different 
operators on oil reclamation and other items of more general interest. 

There is little standardized practice with regard to the examination of 
used oil drained from internal combustion engines. For this reason nearly 
one-half of the report is devoted to a description of the methods used in 
examining the used oils; and explaining the significance of the individual 
tests. The following estimations have been made: water and sediment by 
centrifuge; petroleum-ether insolubles; benzene insolubles; asphaltenes ; 
sludge by hot filtration; undissolved sludge; spot test on filter-paper; ash 
content; analysis of the insoluble inorganic matter; particle size distribu- 
tion of solid inorganic particles; carbon residue; light extinction co- 
efficient; water content; diluent content; resin content by decolorising 
clay; acidity (neutralization value); saponification number; viscosity 
and viscosity index; and specific gravity. In view of the complexity and 
the long time required, a few of these tests have been applied only to a 
limited number of samples. The results of the examinations are tabulated. 
A number of them are also presented as frequency graphs. These 
results give an answer to the first objective of the research work, stated in 
the introduction, t.e., information on the quantity and nature of con- 
taminating matter and products of deterioration likely to be found in used 
crankcase oil. 

A number of cases have been selected where it was possible to trace the 
degree of oil contamination back to various individual factors of influence. 
These include the effect of the type of engine, service, route, and of oil and 
fuel used, and the influence of the use of an air cleaner or an oil filter. 
This relates to the third objective stated initially. However, it should be 
emphasized that, in view of the great number of factors affecting oil 
deterioration, correlation of cause and effect could be found only in a few 
selected cases where, apparently, the other factors were substantially 
constant. 

In a further section, individual analyses are critically examined and 
correlated. Among these considerable space is devoted to particle size 
distribution. This is an important factor from the points of view of 
abrasive wear and of filtration, and also in view of possible catalytic action 
of inorganic particles on oil deterioration, which action is greatly dependent 
on the surface area. Only a limited number of oils could be examined 
for particle size as the procedure is complicated and protracted. A very 
wide range of particle sizes was detected and ‘it was found that the oil 
samples differ considerably, the particles separated from one oil ranging 
from less than 1 micron to about 10 microns, those from another oil ranging 
from less than 1 micron to nearly 100 microns. With most oils a maximum 
concentration of particles was observed between 0 and 2 microns. Of the 
solid matter in the oil, the greater proportion is carbonaceous and finely 
divided. 

The inorganic material separated from two oils was examined using the 
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electron microscope at magnifications up to 25,000. It appeared that 
there was considerable aggregation, most “ particles’ apparently being 
aggregates of much smaller particles, strongly bonded together. It is, 
therefore, assumed that these aggregates behave as one particle as far as 
oil cleaning, and perhaps also as far as abrasive wear is concerned. The 
shape of “ particles,’ up to 10 microns diameter at least, appears generally 
to be similar and roughly spherical. 

No correlation could be found between particle size and other data, 
operational or from test results, with the exception of saponification number, 

On the basis of the available information, some of the properties of a 
standard dirty oil for testing oil filters have been specified. Assuming an 
average type of engine, the rate of dirt accumulation in the crankcase, 
expressed as petroleum-ether insolubles, is calculated as 0-4 g per hour for 
C.I. engines and 0-2 g per hour for petrol engines. These figures and the 
information on this subject given in the text (pp. 167 and 190) are far from 
giving a complete answer to the second point stated in the introduction. 
The reason for this is the very wide range of properties of used oils, par- 
ticularly those concerning the quantity and nature of the suspended solid 
matter, which affect filter performance. 

Chemical analysis of the inorganic material present was carried out on a 
limited number of samples. In general, the greater proportion of the 
material consisted of iron oxide, with the exception of one case where 
leaded fuel had been used. The percentages of other metals varied a great 
deal and they would be significant only if the composition of the com- 
ponents of the particular engines were known. Comparatively little 
silica was found except in the case of one oil. It was found that in engines 
operating on non-leaded fuel and lubricated with undoped oils, the metals 
were present chiefly as oxides with a small proportion of free metal. 

As they appeared to be simple and to promise quick results, two visual 
methods of inspection were applied. The light extinction coefficient 
determined with the aid of a colorimeter was found to give a rough indica- 
tion of dirt content and to correlate fairly well with carbonaceous matter 
expressed as benzene insolubles minus ash. It is likely that a higher 
degree of correlation will be obtained if the progress of contamination 
of one and the same oil is observed in successive stages. The above 
remarks apply similarly to the spot test which is more difficult to evaluate 
numerically but more easily and quickly carried out. 

The viscosity data confirm the well-known tendency of engine lubricating 
oil to become less viscous when diluted with fuel, which is counteracted 
by the thickening effect of decomposition and polymerization products. 
The viscosity index was found to increase in use, but it is doubtful whether 
this figure should be used as an indication of the quality of used lubricating 
oil. 

On the basis of general experience and of the great number of tests 
carried out on discarded oils, the following methods of test are suggested 
for general use in examining used engine lubricating oils: petroleum- 
ether insolubles or gravimetric centrifuge test, as an indication of general 
dirtiness, with a light absorption or a filter spot test as quick but less 
reliable indications; ash yield to some extent indicating abrasiveness ; 
viscosity of the oil after filtration indicating the ability of the oil to circulate 
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freely but at the same time to maintain a safe oil film; and a corrosion test 
indicating the tendency of the oil to attack bearings, etc. It may be, 
however, that when more is known of the deterioration of engine lubricating 
oils, other tests will prove more satisfactory in use than those suggested. 

The results and conclusions given in this report are based on the examina- 
tion of drainings from engines which, with one or two exceptions, had been 
operated with straight mineral lubricating oils without additives, and on 
unleaded fuel. Some of the conclusions would not apply in the case of 
oils containing additives or leaded fuels. 
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APPENDIX. 
Details of Chemical Analysis of Inorganic Solids. 


After completion of the centrifuging process the benzene-wet sediment 
was transferred to a 150 ml beaker by the use of 50 ml of 50/50 HCl con- 
taining 1 ml of 0-1 per cent Aerosol OS in water, in successive small portions, 
say, five lots of 10 ml. This operation caused difficulties and the following 
stages were often needed : (a) the use of a thin glass stirring rod to disturb 
the deposit in the presence of 10 ml of the acid mixture, (6) the use of warm 
acid to assist dispersal when shaking up the loosened deposit, (c) the use of 
a water wash bottle with a strong jet to finish off the cleaning and 
transference. : 

The mixture of acid, inorganic material, and organic material was boiled 
on a hot-plate in the beaker, without a cover glass, to allow escape of ben- 
zene, until the bulk was reduced to 10 ml. An addition of 20 ml con- 
centrated HCl was made and the mixture was boiled for a further 15 minutes 
with the cover glass in place and then diluted to 50 ml with Water and allowed 
to settle for a few minutes. The liquid was decanted through a paper 
pulp filter,* the residue rinsed once with water and the washings also 
passed through the filter. The bulky solid left in the beaker was thoroughly 
ground up with a flat ended stirring rod and 20 ml of 50/50 HCl added, 
the stirring rod being rinsed into the beaker with distilled water. The cover 
glass was replaced on the beaker, and the mixture boiled again for 15 
minutes, and then filtered through the same pulp filter. The carbonaceous 
residue was transferred to the filter and washed well with hot water. The 
complete “ filtrate 1” was retained. The pulp filter with the carbonaceous 
residue was transferred to a weighed platinum crucible and ignited gently 
till no carbon was left, then cooled in a desiccator and the residue weighed. 
In spite of the extraction treatment the residue was generally reddish in 





* Nore.—Paper pulp was used for all filtrations unless otherwise stated. 
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colour showing that iron was still present. Two ml of hydrofluoric acid 
plus 1 ml of sulphuric acid were added to the residue in the crucible and 
evaporated off gently in the fume cupboard. The residue was finally 
heated to red heat, cooled, and reweighed. The loss after the hydrofluoric 
acid treatment was called “silica 1.” A }-inch deep layer of powdered 
potassium bisulphate was now added to the residue, gently melted and kept 
b~’ antil solution was obtained (about 5 minutes). The melt was allowed 

»ool, then dissolved up in hot water and added to “filtrate 1.” 

this filtrate was taken to fumes after the addition of 10 ml of sulphuric 
acid plus 10 ml of nitric acid, cooled, and diluted to about 30 ml. If the 
colour of the liquid indicated the presence of organic matter another 10 ml 
of nitric acid were added and the mixture again taken to fumes, cooled 
and diluted as before. This second treatment was seldom necessary. The 
lead sulphate, together with any silica which was not removed in the 
earlier stage, was filtered off on a weighed sintered glass, or asbestos pad 
Gooch crucible, washed with dilute sulphuric acid, a little warm water, and 
- finally a little alcohol. The residue was dried in the oven at 110° C and 
weighed. Lead sulphate was now dissolved from the filter by means of a 
hot strong ammonium acetate solution and the insoluble residue (if any) 
washed with hot water dried and weighed as “ silica 2.” The total silica 
originally present was given by the sum of “ silica 1 ” plus “silica 2." The 
amount of lead present was calculated from the loss in weight of the crucible 
after the ammonium acetate treatment. 

Group II metals (copper, antimony, and tin) were now separated from 
‘the filtrate by passing H,S into the warm liquid and then filtering off the 
precipitate, followed by washing, drying, and gentle ignition. The residue 
after ignition was warmed with a few ml of concentrated nitric acid in the 
crucible, with a cover glass in place, until it appeared that all the copper was 
in solution. The cover glass was then removed, rinsed into the crucible, 
and gentle heating continued until loss of liquid allowed crystallization to 
occurs The crystalline residue was dissolved in water, the insoluble 
residue filtered off, ignited and weighed as a composite of antimony and tin 
oxides. The copper nitrate was rendered slightly ammoniacal and made 
up to a volume of either 250 or 500 ml (depending on the depth of colour) 
after the addition of sodium diethyl dithio carbamate and the colour 
compared with that similarly developed in a standard solution of copper 
nitrate containing 0-1 mg of copper per ml. An “ Ogal” plunger type 
colorimeter was used for these comparisons. In this instrument, the 
depth of a column of liquid which matches a standard solution in colour 
intensity when viewed vertically, is used to measure the concentration of the 
solution. 

The filtrate from the hydrogen sulphide precipitation was boiled free 
from dissolved gas, oxidized with a little nitric acid, 2 g of ammonium 
chloride added and iron and aluminium hydroxides precipitated by the 
addition of ammonia. The mixture was brought to the boil, allowed to 
settle and the iron and aluminium hydroxides filtered off and washed well 
with hot water. The filtrate was retained. The precipitate was re- 
dissolved in 50/50 hydrochloric acid and the solution made up to 50 ml 
with water. A small portion of the solution was removed with an accurately 
calibrated pipette (of approximate capacity 0-5 ml), diluted, and used for a 
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colorimetric determination of iron using potassium thiocyanate, and using 
for comparison a standard ferric iron solution containing 0-1 mg per ml. 
The volume of solution remaining was measured by running in distilled 
water from a burette till the liquid regained its original level in the 50-ml 
flask. Iron and aluminium hydroxides were reprecipitated from this 
known fraction, washed, ignited, and weighed. The filtrate was added to 
the original iron precipitation filtrate. Since the iron was estimated colori- 
metrically it was possible to calculate the aluminium present from the weight 
of the composite residue. 

The combined ammoniacal filtrate from the iron precipitation was 
saturated with hydrogen sulphide and the precipitate filtered off. This was 
in general small in amount and it was not considered worth while to separate . 
it further. It was washed, ignited, and weighed dnd called zinc oxide 
although it may contain nickel, manganese, zinc, cobalt, and sulphur. 
Calcium was precipitated from the zinc group filtrate with ammonium 
oxalate, ignited, and weighed as calcium oxide ; following which the filtrate 
was evaporated to small bulk and magnesium precipitated as phosphate 
and weighed as pyro phosphate. 
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DISCUSSION. 


THE CHAIRMAN (Mr C. Chilvers) : I said at the beginning that this paper 
represented the results of a very painstaking investigation. That has been 
made abundantly clear from the summary which Mr Rosenfeld has given 
of this most detailed paper, and even in the summary there is ample material 
for a very full discussion. 

An investigation of this sort depends on the very important factor of 
sampling. In the paper the authors refer to the fact that special instruc- 
tions were issued in connexion with the sampling, and perhaps it would be 
worth while if they gave a little more information about those instructions. 

Some twenty years ago I took part in an investigation of used lubricating 
oils, when we analysed the engine oils from some fifty cars running under 
specified conditions, and we found it necessary then to ask for the complete 
contents of the sumps plus kerosine washings from the sumps in order to 
ensure that the sample tested was truly representative. If the drainings 
were allowed to stand and only a small sample submitted, top and bottom 
samples showed wide variations. Even with carefully worded instructions 
unskilled personnel cannot be relied upon. 

As the authors have pointed out, the work described in the paper was 
done on unleaded fuels, before the present leaded fuel came into general 
use. It would be interesting if a similar investigation could be made on 
leaded fuels since these are likely to be widely used. 





Mr A. T. Witrorp: Like the Chairman, I find some difficulty in ade- 
quately discussing the paper on account of the enormous mass of detail it 
contains; one would need several days to study all the tabulated results in 
it. I would mention, however, that we might come to quite different con- 
clusions from those drawn if the data were statistically examined ; it might 
conceivably be proved that the whole of the variations are due to chance. 
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I do not know, but the same thing sometimes comes about when we go 
through our own results in that manner. 

One of the first matters mentioned in the paper is the vexed question of 
oil-change periods; and in respect of the samples dealt with I think the 
oil-change periods vary from 2000 up to 14,000 miles. The average 
user does not judge when he should change his oil by determination of its 
condition in any particular engine; as mentioned in the paper, in the case 
of crankcase-oil changes the lubricant itself is only one of many reasons 
affecting the change. The major factor affecting oil changes by a large 
user of vehicles is when he can do the job, and it must fit into the general 
scheme of maintenance. In the organization with which I am associated 
it is impracticable to change the oil at intervals or multiples of other than 
6000 miles; we can adopt 6000, 12,000, or 18,000, but there is no choice in 
between, and we have to make a compromise as to which period chosen. 
At one time the interval was 12,000 miles. Curiously enough, from con- 
siderations not so much of the condition of the used oil as of the condition 
of the filters and of valve rocker-gear on compression-ignition engines, we 
found that that interval was too long, and we cut it down to 6000 miles, 
which is our present standard. In the country districts the 6000 miles 
becomes stretched to 9000 or 10,000, and that is a further consideration. 

With regard to sampling, I do emphasize that the whole of one’s results 
can be rendered useless unless the sampling is reliable. Unfortunately, 
one usually has to trust to someone else to take the samples. Furthermore, 
we must make up our minds as to what sort of sample we want. The chair- 
man has referred to taking, not only the complete contents of the crankcase, 
but also the kerosine washings, in order to get the whole of the accumulated 
sludge as well. In the ordinary way we do not do that, but try to base 
results on the circulatory oil. The present method is to instruct garage 
staff to drain the contents of the crankcase into a clean container, thoroughly 
stir the oil and pour off from the rapidly stirred oil a sample quantity. 
Inspectors are sent out to see that this is done, and it is obviously done 
when they are there; but that is the best we can do. 

I notice that in the paper there is a difference in water and sediment 
content when using benzene and petrol respectively as the centrifuging 
solvents, but I am wondering whether, if we were to analyse the results 
statistically, we should find that there was anything really significant be- 
tween the two sets of figures. 

Reference is made to simple tests. Those are the tests we should all like 
to adopt, but I am not sure that they are the best.” Perhaps we ought to 
forget them. 

With regard to the estimation of insoluble matter by benzene extraction, 
in our laboratories we usually estimate asphaltenes after that by removing 
the benzene from an extracted oil by vacuum distillation. In other words, 
we recover the oil and use that oil for the estimation of asphaltenes. 

In respect of the A.S.T.M. oxidation test perhaps we can claim some 
originality by stating that that particular test has been in London Trans- 
port’s specification for compression-ignition-engine lubricating oil for the 
last ten years, and I do not think it appears in any other specification. 

In the paper it is mentioned that, inasmuch as the used petrol-engine 
oils were not taken from engines using leaded fuels, there was no test for 
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acid radicals. It is obvious that inorganic matter contains sulphates and 
I think it would also be found to contain nitrates. I think I have seen the 
latter mentioned once in the literature. If you distil used petrol-engine 
oil under ordinary pressure—a very explosive job to do—your first runnings 
are strongly acid, and you can get a brown-ring test for nitric acid in the 
aqueous condensate and very often there is a smell of nitrobenzene as well. 
I cannot recall having carried out this test on used oil from compression. 
ignition engines. 

As to the particle-size data quoted by the authors, I should like to know 
whether they feel that the agglomeration which undoubtedly took place 
really occurred while the oil was in use in the engine or whether it occurred 
during the obviously long period over which the samples had to stand before 
they could be examined. It is common knowledge that if a sample of used 
oil stands for some time it will settle to a considerable extent, and | 
wonder how much agglomeration takes place during that period and to 
what extent the agglomerates can be broken up again by any method we 
can reasonably employ. 

On the question of changes in characteristics of a used oil on keeping, I 
think it is commonly stated that if you are interested in determining 
peroxide values you should do so immediately the sample has been taken, 
otherwise all samples tend to give the same result. It is only fair to add, 
however, that we have not confirmed this in the small amount of work 
we have done in this connexion with used transformer oils. 

The authors have used viscosity as a method for estimation of diluent. 
This neglects the fact that the viscosity of the oil may increase as a result 
of usage, and the estimate is therefore very unreliable. 

The suggestion that a corrosion test should be employed instead of deter- 
mining acidity is perhaps of interest, although it would have been better if 
such a test had been described in the paper. But I wonder whether it 
would give the whole story, because conceivably the most corrosive acids may 
be volatile and would not be present in used oil as received for examination. 

With regard to the curve showing the relation between saponification 
value and particle size, I find it difficult to believe that there is any correla- 
tion between those two characteristics. Further examination may indicate 
that the relationship is entirely due to chance. In this connexion, we were 
recently able to prove quite satisfactorily that fuel consumption actually 
decreases with increase in passenger-fare takings. But it is also a fact that 
passenger-fare takings increase with rise in atmospheric temperature, and 
fuel consumption is lower in warm weather than in cold! It is necessary, 
therefore, to take more than one factor into consideration when attempting 
to prove correlation. 

I would ask the authors how far they have got in the direction of pro- 
ducing a standard used oil; the matter is mentioned in the paper, but they 
do not say whether the data they have got has led them to the solution of 
this problem which I believe was originally one of the main objects of the 
investigation. 

The method they employ for estimating the presence of free metal par- 
ticles in the inorganic matter is interesting, but I wonder whether the 
alternative method which we have used occasionally, that of hydrogen 
evolution, has occurred to them. It is perhaps a little more positive. 
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Further, they describe the inorganic matter as abrasive. What is it 
abrasive to? I remember that many years ago we sent to the Motor 
Industry Research Association—it was not so named at that time— 
samples of some used engine oils with varying contents of inorganic matter 
for test as to whether they were abrasive. The only sample which proved 
to be so was one which was deliberately and excessively contaminated by 
adding to it sludge removed from the bottoms of crankcases and containing 
particles of a character and size such as would not normally remain in 
suspension in the circulatory oil. I should like the authors’ views as to 
whether their inorganic matter was abrasive to cylinders or bearings or 
both and an indication of the tests which have been made to determine this. 

The light-extinction coefficient has been mentioned as providing a method 
of test, and there seems to be some correlation between its results and those 
obtained from one or two other tests. I should like the authors to confirm 
my view that the test could properly be applied only to oils of the same 
type; in other words, the lack of correlation which they sometimes en- 
countered is probably due to the fact that they were dealing with a very 
wide variety of lubricating oils. This is possibly the biggest criticism one 
could make against the possibility of drawing conclusions from their tests 
at all, that there are such wide differences in the types of both oils and 
engines that one does not quite know whether any degree of correlation 
could even be expected. Is the condition of the used oil due to the engine 
or to the lubricant or to what is it due ? 

Finally, have the authors given consideration to the question, par- 
ticularly in the case of used oils from compression-ignition engines, as to 
whether the deterioration is attributable to the fuel or to the lubricating 
oil? This is a very important point. Our friends in the oil industry tell 
us that if a good detergent oil is tested with the wrong sort of fuel it will 
give a bad result. It would be a matter of considerable interest to users 
to be able to know whether the condition of their used oil is due primarily 
to adverse characteristics of the fuel or the lubricant, or whether it is engine 
design that is really to be blamed; and I would like to know whether the 
authors or others have thought about the possibility of examining the 
suspended matter in order to decide whether the carbonaceous material 
therein is essentially due to the fuel or to the oil. I have no particular 
thoughts on the matter at all, but merely throw it out as a question. 


Dr Atan Wo F (Patent Office): First I should like to associate myself 
with the congratulations offered to the authors by the previous speaker, 
on such a painstaking and exhaustive piece of research ; I agree with every 
word of Mr Wilford’s remarks regarding the paper, and although anything 
like a full discussion of all the many controversial matters raised in the 
report could not, of course, be made in the limited time available at one 
meeting, I would like to add a little to Mr Wilford’s comments. 

I agree particularly with his remarks in regard to the acidity of used oils. 
I do not think the determination of acid value by itself, although desirable, 
is anything like a sufficient guide as to whether or not a used oil has become, 
corrosive, more particularly at high crankcase temperatures, to acid- 
sensitive bearing alloys such as copper-lead and cadmium-silver. There- 
fore, something in the nature of a direct and positive corrosion test, similar 
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to that applied, for instance, in the oxidation test developed by Dr Under. 
wood of the General Motors Research Dept and so widely used in America, 
_ is absolutely essential to determine if a used oil, whether filtered or not, 
is fit for further use. Otherwise, one has not the faintest indication 
of one of the most important criteria of the condition of the used oil in 
engines fitted with acid-sensitive bearings, i.e., the possible tendency of the 
oil to cause severe corrosion of the bearings at high crankcase temperatures. 
I admit that this is a problem which is much more likely to arise in the case 
of motor vehicles subjected to heavy duty conditions in hot climates 
abroad than in Britain; nevertheless, it is highly desirable to have a positive 
corrosion test for used oil. 

Closely linked with that, I do not remember seeing any reference in the 
paper to figures relating to an oxidation test on the oil. It seems to me 
there is always a great tendency for chemists to pay too much attention to 
the chemical stability of an oil when new, and to disregard almost entirely its 
resistance to further oxidation after it has been in use. This applies, 
incidentally, not only to internal-combustion-engine lubricants, but also to 
other types used in circulation-oiling systems, particularly to steam. 
turbine and similar oils. It seems to me illogical to carry out an oxidation 
test on a given oil when new, as is very often and quite properly done, and 
to omit to carry out some such test on the oil after it has been in use. It 
is very common to find that an oil, even when showing excellent resistance 
to oxidation when new is much more susceptible to further oxidation after 
it has been in use, partly because it has already undergone some oxidation 
in the engine, so that the induction period has been passed, but principally 
because it has become contaminated with certain metallic compounds 
which are extremely potent oxidation catalysts. 

This leads me to another point : I understood the authors to say they 
had no interest at all in the metal which is in the form of soaps dissolved 
in the oil, as distinct from undissolved metal present as oxide or chemically 
uncombined, and which largely represents wear debris. I think it 
would be a mistake to ignore the dissolved metal completely, however, 
when the metal is dissolved in the oil, despite the fact that it cannot be 
removed by purely mechanical filtration, however fine, for, as is well known, 
metal in the form of oil-soluble soaps is a far more potent oil-oxidation 
catalyst than metal in bulk, and, in the absence of appropriate inhibitors, 
only a very few parts per million of a catalytic metal such as iron, copper, 
or lead (present as soaps) suffice to reduce the resistance to oxidation of the 
oil to only a small fraction of its original value. When an oil has become 
contaminated in this way (as often occurs after only a few thousand miles 
operation) it is open to question whether the oil is fit for further use, 
however well filtered, until the catalytic-dissolved contaminants have 
been removed by appropriate chemical and/or adsorptive treatment. 

Abrasion is certainly a matter of integest. The assumption that the 
oil has become abrasive is one of the main reasons why one changes it. 
Thus, I think that something in the nature of a wear test is highly desirable 
for application to a used oil. At the same time, I am only too ready to 
agree that to obtain reproducible and accurate wear-test results in a short 
time is one of the most difficult problems which confront the oil technologist. 
I feel sure that my fellow oil specialists will heartily agree. 
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Another matter of particular interest is whether an oil has undergone any 
change in respect of oiliness. It is always assumed that a used oil has 
deteriorated in use in every respect. It has, of course, become contami- 
nated; but it may have been improved with regard to oiliness, and in 
respect to the readiness with which it spreads over metallic surfaces. This 
will be due to the formation by oxidation of polar compounds in the oil. 
It therefore seems important to determine whether the oiliness of the used 
oil (after filtration) is markedly superior to that of the oil when new. 

Another thing which may occur to a used oil is a change in film strength. 
I have seen only very few data on that point; but in the company with 
which I was at one time associated.in the States, we carried out a few tests 
on the film strength of used oils and we found that, at any rate in some 
undoped used oils, the film strength was from five to ten times as high 
after use as that of a new plain oil and equal to the film strength of a new 
oil doped with 1 per cent of tricresyl phosphate. As soon as that was dis- 
covered, the further determination of the film strengths of used oils was 
hurriedly dropped ! 

During 1940 and 1941 in the United States there was an epidemic of 
very severe crankshaft-journal and crankpin scoring in the case of a par- 
ticular popular motor car. In addition to deep scoring on the journals 
and crankpins, the surfaces of the bearing bushes, although smooth, were 
covered with peculiar circular spots of 1 mm or so diameter. In addition, 
appreciable amounts of powdered siliceous, glassy, and extremely hard and 
abrasive material were found in the sump, the fragments being very irregular. 
This combination of phenomena at first puzzled us extremely, but careful 
statistical analysis of a large number of such cases showed us that it occurred 
only with oils which had remained in use for some time, where the periods 
between changes had been three or four times the normal and further 
investigation soon showed that the particular type of oil filter fitted to this 
model of car was the culprit. The filter element was of the slag-wool type, 
contained in a cotton “ sock ”’, and if the oil change were delayed too long, 
the textile material became rotted by the organic acids developed in the oil 
and released some of the abrasive siliceous material into the oil stream. 
The presence of the small circular dark-coloured spots on the surfaces of 
the bearing bushes was found to be due to some of the slag wool being in 
the form of minute spherical globules, lightly attached to the threads of 
the slag wool rather like berries on a twig; these globules became broken 
off, cracked in half by the gears of the oil pump, and embedded themselves 
in the soft metal of the bushes while at the same time scoring the journals. 

The formation of the “ berries on a twig ” was no doubt originally due 
to_a portion of the original molten slag assuming the form of droplets in- 
stead of threads during the manufacture of the mineral wool by atomization 
with a jet of steam, and the fusing of these droplets to the threads prior to 
complete solidification. 

Viscosity of Used Oils Before Filtration. A number of figures for the 
viscosities of used oils after filtration are given in the report and are, of 
course, of value for indicating whether the intrinsic viscosity of the oil has 
been unduly lowered by fuel dilution. However, the engine has to deal 
with the oil in its unfiltered condition, and while the viscosity of the filtered 
oil may still be satisfactory, that of the unfiltered oil may be so high as to 
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interfere seriously with lubrication, particularly of the cylinder walls, 
This is especially likely to oecur in road-vehicle and stationary diese] 
engines in which the lubricating oil rapidly becomes heavily contaminated 
with soot formed by incomplete combustion of the fuel. Such cdlloidal 
carbon may not itself be abrasive, but its marked viscosity-raising effect on 
the lubricant renders the fine filtration of the latter imperative on this score 
alone. Since the solids in unfiltered used oils may clog the capillaries of 
ordinary U-tube or outflow viscometers, it is necessary to-use other types, 
such as falling sphere (with depth indicator), Muchell cup and ball, or con- 
centric cylinders, which are capable of handling viscous liquids containing 
dispersed solids. 

Omission of Doped Oils. Most of the lubrication technologists present 
will no doubt join me in regretting the omission from the research of any 
examination of used “ doped ”’ oils which have during recent years come 
into such general use. This all the more so because the fine filtration of 
heavy-duty used motor oils containing certain ultra-dispersive detergent 
additives sometimes offers difficulties. 

Removal of Oxidation Catalysts from Used Oils. In conclusion I should 
like to revert to the problem of the stability of used motor oils with regard 
to resistance to oxidation, and to point out that it has been shown by 
Larsen and Armfield (Industr. Engng Chem., 1943) that the stability of used 
oils can often be greatly improved by fine mechanical filtration. The 
sludge removed by the filter contains extremely powerful oxidation cata- 
lysts, and although the very prolonged use of uninhibited oils results 
in the oil having poor stability even when filtered, there seems little 
doubt that the current practice of adding oxidation inhibitors and metal 
deactivators to the oil when new greatly improves filtered oils in this 


respect. 


Dr J. L. VAN DER MINNE: Asphalienes. As regards the use of the word 
asphaltenes, I should like to point out that it now generally denotes sub- 
stances insoluble in aromatic-free spirit (e.g., I.P. spirit). Originally the 
name was only applied to asphaltic bitumens. These real ‘“ asphaltenes ” 
are polymerization or condensation products of hydrocarbons and contain, 
besides minor amounts of sulphur and nitrogen, a small amount of oxygen, 
e.g., 1 to 3 per cent. Also in blown asphaltic bitumens the oxygen content 
of “asphaltenes” does not exceed 4 per cent. The asphaltenes from 
asphaltic bitumens are normally soluble in benzene. 

Besides these real asphaltenes it has often been the custom, as it is in 
this paper, to call “‘ asphaltenes ”’ also those substances present in used oils 
which precipitate in aromatic free spirit and which are soluble in benzene. 
I want to point out that there is a large difference in the nature of these 
substances found in this way. in used oils and the real “ asphaltenes ”’ as 
derived from asphaltic bitumens or fuels. In particular the oxygen con- 
tent generally is much higher and ranges in most cases from 8 to 14 per cent 
instead of 1 to 3 per cent for normal “ asphaltenes.”” Moreover, the solu- 
bility (or dispersibility) in organic solvents is different and especially in 
oxygen-containing solvents (esters, ethers) the solubility is often larger. 
Therefore, I think it of importance that for these substances another word 
be used. Somewhat analogous substances may be found in oils oxidized 
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in the laboratory. In this case they are often denoted as “ oxidation 
sludge.” 6 

ae be added that, as far as we know, no real asphaltenes have been 
found in used oils. 

Light-extinction coefficient. As regards the data on the light-extinction 
coefficient, I should like to point out the large difference we found between 
oils containing the same amount of sludge, the sludge in one case being 
formed under smoking conditions and in the other case under non-smoking 
conditions of the same Caterpillar diesel engine. The thickness of the layers 
of used oil giving the same amount of light absorption ranged in the ratio 
of one to five. The soot in the latter case consisting of nearly pure carbon 
has a much larger light-absorbing power than the same quantity of sludge 
if no soot is present. 


Mr RosENfELD, replying to some of the questions raised, said: First I 
should like to deal with the question of sampling. We have been very well 
aware of the difficulties involved, and in order to overcome as far as possible 
the difficulty that we just could not be present when the samples were 
collected, we issued very carefully worded instructions, which included the 
use of clean containers and the careful mixing of the drainings for a sufficient 
time. The instructions were sent to the operators in a circular letter, and 
it seems that in general those instructions were carefully followed. We 
asked only for the drainings; the flushings from the crankcases were not 
put into the samples. 

I think the comments of Dr Wolf were extremely valuable. Many of 
the tests applied, especially simple tests ‘like the extinction coefficient and 
spot tests, were applied mainly to give us some idea of their possible value 
in connexion with filter tests, i.e., where the change in concentration in a 
given oil is followed throughout the testing of the filter. In a case such as 
that, of course, the same type of,oil is examined throughout. We are using 
now a Spekker absorptiometer which gives satisfactory results very quickly. 
At the same time, I would agree that perhaps it could not be recommended 
for general use for oils from different sources, except perhaps only as giving 
a very rough indication. 

With regard to the possible agglomeration of particles during the period 
in which the oil samples are awaiting examination it should be emphasized 
that the particles examined consist of the inorganic material which has had 
a very effective solvent treatment during the process of separation from the 
organic material. It is, therefore, reasonable to assume that any agglomera- 
tion found during storage was effectively broken up. 

We did not intend to use viscosity as an indication of dilution. We rather 
assumed that viscosity is the most important single characteristic of lubri- 
cating oil, and as it is influenced by dilution and by thickening during 
deterioration, we suggest viscosity just as a general factor indicating total 
result of those effects. 

As to particle size in relation to saponification, we made a very extensive 
study of the possible correlation between particle size and practically all 
the other analytical data, and the results were very disheartening; the 
only possible correlation we could find was with this factor of saponification. 
So that if we showed one graph indicating that particular correlation it 
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might best be regarded as suggesting how bad the others were! Un. 
fortunately it is just one of those cases where one can do a lot of work and 
find that nothing comes out of it. 

I am afraid we have not made very much progress towards a “ standard 
used oil.” Perhaps, it will be best to attempt a solution of this complicated 
problem by trying to find a suspension that gives a performance in filters 
similar to that of actually used oil rather than trying to synthesize a 
hypothetical average used oil. 

With regard to the abrasiveness of inorganic matter, I can only refer to 
certain tests we have carried out and are still carrying out on the effect of 
abrasive particles in lubricating oils on the wear of bearings. We are trying 
to find out the effects of very fine particles of different hardnesses, of 
different particle-size distribution, and of different concentrations in oil on 
the wear of the bearings under controlled conditions. We have found that 
even a material of a medium hardness (about 6 on the Mohs scale) is very 
abrasive to copper-lead bearings and that wear increases with increasing 
particle size. We found these tests difficult, especially as far as journal 
wear is concerned, but we believe now to be near a solution of thesproblem. 

We have not examined the question as to whether the deterioration pro- 
ducts come from the fuel or the lubricating oil; we just accepted the 
materials as supplied to us and took the view that the filter would have to 
deal with the suspended matter from whatever source it came. There is 
no doubt, however, that this is an extremely important problem, and I think 
it is being examined by people who know a very great deal about it. 

To Dr Wolf I would say that we used the acidity and saponification 
number determinations because these are conventional tests. When we 
suggested a corrosion test we wanted to point out that we did not consider 
these other two tests as satisfactory, although we used them. 

In general we investigated any oil-soluble matter only as a subsidiary 
factor. No doubt, attention will be given to this point in connexion with 
filter experiments with detergent oils. Oiliness is still a controversial factor, 
and was considered to be a little outside the scope of the present work. 

The experience with the slag-wool filter is very interesting. So far as 
I am aware the use of filters containing abrasive matter is not permitted in 
the United States Army. 

We used the terms “ asphaltenes ” and “ resins ” as they are commonly 
used and they have been defined in the paper. I fully agree, however, that 
the terms are not quite well chosen, and I think it would be very useful if 
more suitable terms could be agreed upon. 


Mr J. C. McNicot: I should like to put in a word about the light- 
extinction method of measuring contaminants. We have taken that 
further and have made it a workable analytical method for use in oil-filter 
tests. 

As to the metal dissolved in oil, in the course of the examination we tried 
to find whether any fine material passed an asbestos filter in connexion with 
the shape of the particle-size curves, and I think it was in only three cases 
out of nineteen that we found any trace of metal at all. 


Dr J. B. Matruews : First I should like to congratulate the authors on 
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the trouble they have taken to carry out such an extensively conducted 
examination of used oils, especially in view of the confusion which appears 
to exist concerning the nature and genesis of oil deterioration products. It 
is also very pleasing that a statistical approach to this problem has been 
adopted, for even though I am a chemist and not an engineer, I think I can 
venture to suggest that engines are almost as erratic and as little understood 
in their behaviour as living organisms, and our only hope of obtaining 
reliable quantitative knowledge of what they do to lubricating oils is to 
adopt the methods which have been so useful in the “ bio ” sciences, which 
of course are based on the statistical approach. 

Having said that, I would emphasize what the authors have already 
indicated in their paper, that the results of the present investigation, 
extensive though they are, should not be regarded as a complete basis for 
formulating any finalized conclusions concerning oil deterioration. For 
example, although the authors do not attempt to draw many conclusions 
from the results, they do state that their results confirm the view that 
compression-ignitipn engines yield dirtier oils than spark-ignition engines. 
I do not wish to agree or disagree with that conclusion. So far as their 
own data are concerned, it is perfectly correct; but we do not know what 
makes of engine were involved in this work, and from a similar type of 
investigation to that described, which has been carried out at the Thornton 
Research Centre, the conclusion to be drawn is that engine design and 
engine-operating conditions (as distinct from service-operating conditions) 
are the main factors which determine the amount of insolubles produced in 
the oil. Thus, there is a wide range of behaviour with both petrol and diesel 
engines according to their design and operating conditions, and the two 
types of engines overlap to such an extent that it can be said that there is 
no sharply defined difference between them although on the whole one can 
probably say that certain compression-ignition engines produce a greater 
amount of contamination than do spark-ignition engines. 

So far as the authors’ own data are concerned, it is important to bear in 

mind that the crankcase draining periods were shorter for the spark-ignition 
engines, and that the latter were also mainly operating for short-distance 
delivery services. Both those factors will tend to reduce the oil-insoluble 
content, the first for obvious reasons, and the second because engine idling 
conditions are conducive to sludge separation in the engine and hence a 
reduction in the concentration of suspended matter in the oil. 
_ The authors’ comparisons of samples 21A and 21B with respect to the 
effect of mileage since last overhaul, and of samples 5A, 5B, and 5C with 
respect to operations in level and hilly country, confirm the view that 
engine-operating conditions are of great importance so far as the extent of 
deterioration is concerned. 

The data concerning particle-size distribution is very interesting, but it 
is unsafe to draw any conclusions from measurements made on material 
which has first been separated from the oil. Particle-size distribution 
measurements carried out at Thornton on used oils per se, compared with 
similar observations on the material after separation from the oils, indicate 
that the process of separation, which was identical with that employed by 
the authors, causes big changes in the particle-size characteristics of the 
insoluble material. The particles we measured were, of course, all the 
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insolubles, of which by far the greater proportion consists of carbonaceous 
particles, but the aggregation tendency of the insoluble inorganic material 
is probably as pronounced as that of the “ carbon.” 

So far as the relative abundance of carbonaceous and inorganic particles 
is concerned, it can be said that there is only about one inorganic particle 
of diameter greater than 2 microns to every 300 to 400 carbon particles, 
We have found that carbon particles are nearly all within a narrow size 
range, in the region of 1 micron. It is not surprising, therefore, that in the 
present work it has been found that light-extinction coefficients depend 
only upon the concentration of carbonaceous material, since there is 
relatively little inorganic matter present. 

The technique we adopted for determining the oil-insoluble content is 
one of direct filtration, similar to the hot-sludge technique used by the 
authors. _But we employed a bacteriological filter for this process, which 
we found to be very efficient; we can achieve complete separation of the 
insolubles fairly easily although, of course, the rate of filtration is slow. 

In spite of some comments which have been made regarding acidity, we 
find that the acidity is mainly concentrated and located in the insolubles. 
If the acidity of the filtrate is compared with the acidity of the insolubles, 
that is very quickly brought out; and also,.in connexion with corrosion 
tests on used oils, our colleagues in the United States have developed a 
corrosion stability test in which the oil itself is tested in the presence of 
bearing metal, and if that test is employed it is confirmed that the corro- 
sivity of the oil is again mainly located in the insolubles. If you compare 
the unfiltered used oil with the filtered used oil, again the point is confirmed. 

A question has been raised with regard to the origin of the insoluble 
material in the oil. We have carried out quite extensive investigations in 
that connexion which I have not time to describe now, but the main con- 
clusion to be drawn is that the insoluble material primarily is produced in 
the combustion chamber. In other words, these insoluble particles are 
essentially the same particles which occur in the exhaust gas, and when 
they enter the oil they undergo certain changes there. The changes are 
essentially that they absorb materials from the oil. If the oil is oxidized, 
the exhaust soot, on entering the oil, will tend to absorb the oxidation 
products from the oil. This is generally applicable only to high v.t. oil; 
in the case of low or medium V.1. oils there is oxidation sludge in addition 
to the combustion-chamber material. 

I would endorse what Dr van der Minne has said with regard to asphaltenes 
and resins. I think we confuse ourselves by using those terms, and we 
prefer to use terms which indicate exactly how the products are obtained; 
we refer to them as benzene solubles or insolubles, chloroform solubles or 
insolubles, or give them some other such description. 

Finally, about a standard used oil; as I have indicated we have a certain 
theory with regard to how a used oil is affected in the engine, and this is 
confirmed by comparing a used oil from an engine with the material obtained 
by oxidizing some of the unused oil to a slight extent and rubbing into it 
some of the exhaust soot; in most tests the latter corresponds with the 
used oil from an engine. But it is difficult to talk about standard used oils, 
because the sort of product you get depends largely on the engine in which 
it is used. 
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In connexion with the interpretation which is placed on the values 
obtained for benzene insolubles, the commonly accepted view that 
this quantity gives an accurate measure of the insoluble solid impurities, 
is not correct. It is more correct to say that the benzene insolubles 
figure represents the combustion chamber solids, 1.e., “ carbon,’’ which 
enters the oil, and the difference between it and the petroleum-ether 
insolubles represents the oil oxidation products which are adsorbed by the 
carbon particles from the oxidized oil. Our own work at Thornton supports 
this view and, in fact, if a comparison is made between the authors’ values 
given for benzene insolubles, petroleum-ether insolubles, and sludge by hot 
filtration, it will be seen that there is in general a fairly close agreement 
between the values for petroleum-ether insolubles and sludge by hot 
filtration, whereas the benzene insolubles figures are almost invariably 
lower than either of the other two. It can be generally agreed with the 
authors that the results from the hot-filtration test are probably more 
representative of actual suspended matter than those from any other test, 
from which it must be concluded that the petroleum-ether insolubles 
represent the total oil-insolubles more truly than do the benzene insolubles. 


Mr I. A. J. Durr: I would first like to say how much I have enjoyed 
what is to me a very unusual approach to the used-oil subject. Being 
associated with a large oil company and having to do with samples which 
are sent in, I can say that our samples usually are vitiated because they come 
in either in course of complaints or in dealing with what might become 
complaints. Therefore, in some way or other they are not as free selections 
as those which the authors have been able to obtain. From that point of 
view this paper gives an unusual slant on a subject which is to me my daily 
bread and butter; I have found it to be of immense interest and it has 
broadened my horizon in many respects. 

I learn with considerable surprise and alarm that the average change 
period in compression-ignition engines is 6000 miles, against 3000 in the 
case of the spark-ignition engine. A previous speaker said he thought that 
was due to it being most convenient to change at certain periods of an 
engine’s life. But woyld not that also apply to the lower figure? I cannot 
see why the mileage in the one case should be 6000 and the other 3000 if 
you allow his premise at all. I am afraid I am more cynical and would say 
it is not that; but I hesitate to say whether it is original sin or avarice ! 
I should say that the normal argument is that the average oil sold for the 
spark-ignition petrol engine may cost 3s. per gallon, and the average oil 
sold for the compression-ignition engine is about ls. per gallon more 
expensive; the average operators of compression-engines will say that, 
inasmuch as they spend more on their oil, they must use it for a longer 
period. What short-sightedness! We have in our possession a statistical 
study of a large number of commercial-vehicle operations. On a com- 
pression-ignition-engined vehicle operating 1000 miles per week the lubrica- 
tion figure is 0-17d. per mile, the maintenance figure is 1-2d. per mile, and 
the depreciation figure is just under ld. per mile; if the lubrication figure is 
raised from 0-17d. to 0-25d. per mile, which is not a very big increase, we 
knock 0-2d. per mile off the maintenance figure and knock 0-ld. per mile 
off the depreciation figure. In other words, by a very small increase in 
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the amount of oil used, or a shorter life for the oil, we make the most 
important and the biggest part of the cost considerably smaller. 

I think this can be confirmed from a booklet issued by The Commercial 
Motor, in which is tabulated an immense number of these statistics. 

The authors showed a graph having two typical curves, one a hyperbolic 
curve and the other a looped curve, which latter incidentally is very similar 
to, if it is not in fact, the probability curve. The hyperbolic curve is very 
similar to the curve for dust material carried in a blast of wind, or possibly 
small particles carried in a stream; the second one is very approximately 
the curve for material which has been comminuted in a grinding mill. It 
would be very interesting to know whether the two types of curve could 
reflect on the method of sampling. For instance, whether a sample froma 
stream will probably give the hyperbolic curve; on the other hand, if a 
mass of material of all sizes is sampled by any ordinary method, it may be 
expected to give the probability curve, there being a probability of 
obtaining more of a certain size than of smaller or larger sizes. I put 
that forward as a matter for thought. 


Mr G. KinneEr : I am fully aware of the need for the examination of used 
oils. Iam rather surprised, however, that the authors have not mentioned 
the spectrographic technique for analysis, by which method, we achieve, 
in our laboratories, an accuracy of + 10 per cent of the true value for the 
amount of contaminants present. I think that that compares very well 
indeed with conventional chemical analysis. I do not think Dr Mason, of 
the Institute’s Inorganic Analysis Panel, is present, but in his absence 
perhaps I may say that that has been borne out also by co-operative work 
in that Panel. 

Engine design plays a large part in the nature of the results obtained. 
The examination of more than a hundred samples over the past few months 
has shown us that when leaded fuels are used, for instance, one fiarticular 
engine design gives a very large accumulation of lead compounds in the 
used oil. Bearing in mind the nature of that element, J think this an 
important feature. 


Mr A. T. WitForp : I should have explained that the oil-change periods 
are determined by what may be termed the top-overhaul period; either 
that or a semi-dock period are the only times at which it is practicable to 
change the oil. In our petrol engines we change the oil at 12,000 miles; 
but with the compression-ignition engine oils we have to be a little more 
careful and as mentioned earlier have adopted a 6000-mile period. In 
neither case is a false sense of economy the governing factor. 


Mr A. J. F. Kenyon: I am wondering whether it is a fact that the 
agglomeration of particles in the oil sample as shown by the microscope is 
a matter of the microscope technique. When the slide is prepared for the 
microscope, if it is not photographed within ten minutes or a quarter of an § 
hour there is definitely an agglomeration of particles, and within half an 
hour perhaps half the slide is covered by an agglomeration of the smaller- 
size particles. I am not familiar with the electron-microscope technique, 
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put I am wondering whether, if delay occurred, it is possible that agglomera- 
tion took place during that period. 


Mr D. L. SAMuEL : The investigation described in this paper was carried 
out primarily, I take it, to examine the filtration properties of these used 
oils. There is no information on the types of engines nor the properties of 
the fuels used for these tests and, moreover, the engines were operating 
under a variety of conditions. With so many uncontrolled factors I do not 
think that we can consider this investigation as contributing a serious 
addition to our knowledge of tie deterioration of lubricating oil when used 
in an engine. It is, however, a very useful piece of work when regarded 
simply from the point of view of filtration studies. 

There is a point arising out of Dr Wolf’s remark that it is a pity that 
chemists appear to be so very keen to examine the oxidation properties of 
their new oils but never pay any attention to tee oxidation properties of the 
used oils. In answer to this I would point out that in examining used oil 
taken from an engine crankcase you are examining a mixture of lubricating 
oil, burnt or partly burnt lubricating oil, and fuel, the whole containing 
soluble and insoluble contaminants. I do not see, however, what value 
one could expect to obtain from an oxidation test on such a mixture and 
it is precisely for these reasons that such a test is rarely, if ever, carried out. 


Dr J. B. Marruews : In connexion with oxidation one of the important 
things to bear in mind is that crankcase sludge has quite a pronounced 
catalytic activity, and in order to obtain a correct evaluation of the oxida- 
tion characteristics of a lubricant the test should be carried out in the 
presence of crankcase sludge. The crankcase sludge is very difficult to 
standardize; but the procedure is to collect a large amount of sludge from 
used oils of different types, separate and dry it, and, after homogenization, 
to use it as the standard material. In this way it is possible to make relative 
measurements between oils in respect of their oxidation characteristics. 


Mr G. N. Gapssy: Dr Wolf has raised the point of the catalytic effect 
of crankcase-oil deterioration products on the oxidation of the oil and I 
should like to put another query which has a bearing on this matter. The 
modern crankcase oil consists of a base oil plus séveral additives. Have the 
authors of the paper done any work, or have they any work in mind, bearing 
on the problem as to whether crankcase-oil deterioration products remove 
any of the additives? Quite a large number of the deterioration products 
will accumulate on filters so that the lubricating oil will be subjected to 
contact with the breakdown products on filtration. Quite a large amount 
of work has been done in the United States on the removal, by chemical 
reaction or by adsorption, of additives during filtration. Does the authors’ 
work on filters include this aspect of the filtration problem ? : 


Mr R. J. STEELE: With regard to the estimation of contaminants in used 
oils, and in view of the high electrical conductivity of most of the con- 
taminants, carbon, metal particles, water containing salts etc, has a method, 
based on electrical conductivity or dielectric strength, ever been investi- 
gated and with what result ? 
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Mr RosEnFEp : I find Dr Matthews’ comments very interesting. With 
regard to the size of the carbon material in the oil, we found in general that 
it was below the resolution of our microscope; it was probably a fraction 
of a micron. 

The use of a bacteriological filter for the hot filtration of used oil is very 
interesting, and I am sure it is very efficient ; but I wonder how long it will 
take to filter a given oil. 

With regard to the oil-change periods, I think we have to keep in mind 
that the petrol-engined vehicles are mostly of the low daily mileage type, 
probably combined with frequent starting and stopping. It is unlikely that 
this type of service ever gives the engine a chance of really warming up. 
The high degree of sludge formation and tendency towards dilution under 
such conditions are probably important factors in determining crankcase 
draining periods. 

We have discussed the shape of the size distribution curves in detail in 
the paper and we have suggested that possibly the maximum of the hyper. 
bolic type of curves was at a size below the resolution of our instrument. 

Spectrographic analysis would have been very valuable to use, but we 
had not the apparatus. I suppose that type of apparatus is fairly expensive. 

I fully agree with Dr Matthews and I would thank him for his comments 
on the oxidation test. 

In reply to Mr Gadsby, we have not done any work on oils containing 
additives; and so far as I remember from the literature, there seems to be 

-a@ general tendency for deterioration products to remove additives. Our 
research programme includes the effect of doped oils on filtration, and vice 
versa. 

The electrical properties of an oil will vary with the degree of contamina- 
tion, but this variation is not likely to be of a simple nature and, hence, 
probably difficult to use quantitatively. Dielectric strength is measured as 
a qualitative test on transformer oils. 


Mr MoNicoL: With regard to the agglomeration of material on the 
microscope slides, the method by which we prepared the material is rather 
different from the normal. The used oil is centrifuged and the residue 
washed free from all the oily material; the bulk of the carbonaceous material 
is separated from the inorganic matter by usirig a liquid intermediate in 
density. The inorganic material left is put into the form of a collodion 
suspension, which is used on the microscope slide. This is dried in a few 
minutes in a desiccator and when completed, the dispersion is permanent. 

I was interested in Dr Matthews’ comments on the comparison of particle 
size in the oil directly, without separation treatment, with particle-size 
distribution after separation. I agree that that is a vital factor, but I think 
it is extremely difficult to compare the carbonaceous and inorganic materials. 
He said the proportions are of the order of one inorganic particle to 300 to 
400 carbon particles, and I think the area required to be examined on the 
microscope in order to get any reasonable estimation of the inorganic 
material would be very considerable. 

We hope to find some data on the particle-size distribution of the total 
suspended matter in the used oil using a method which causes a minimum 
of interference to the existing state. 
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Tue CHAIRMAN : Only one duty remains for me to perform, and that is 
to express on behalf of all of us here and on behalf of the Institute our very 
great appreciation of the time and trouble the authors have given to the 
preparation of the paper and its presentation. The very fact that we have 
had such a long and interesting discussion speaks for itself, and I hope the 
authors will feel amply rewarded. I would ask them to convey to their 
Director of Research, Mr Fogg, our thanks for having permitted them to 
deliver the paper and for having permitted its publication in our Journal. 

J am sure you would all wish to show in the usual way your appreciation 
to the authors. 


(The vote of thanks was carried with acclamation, and the meeting 
closed.) 


. WRITTEN Discussion. 


Mr E. A. Evans: I am particularly happy that the results of research 
which were obtained at the Research Laboratory of the I.A.E. during the 
time when I was its chairman should be communicated to the Institute of 
Petroleum. I know the authors of the paper intimately, and have a very 
high regard for their ability. I deeply regret my absence from this meeting. 

The paper is essentially part of a big research project. Although it can 
be considered as a complete unit it would be better to regard it as a contri- 
bution to a specific subject. This is important, because the conclusions 
given are more of a suggestive than absolute character. That the subject 
has been undertaken with careful preparation, logical thought, and scieptific 
precision is beyohd doubt. The marshalled facts will be an inspiration to 
other workers in this field. The authors are not posing as experts on 
lubricants. They are interested in problems connected with automobiles, 
and see the subject from that point of view. Their primary objective is to 
give assistance to the automobile user. So they have set themselves the 
task of exploring used engine oils to ascertain what they contain, and 
whether the contaminants are injurious to the engine. If any of them are 
injurious it is necessary to know when and how they should be removed. 
The present paper does not attempt to answer all the questions which might 
arise, but undoubtedly it provides some exceedingly valuable contributions. 
The work on particle size and aggregation is very important and worthy of 
continued investigation. 


Dr M. Freunp :* The unusually rich experimental material makes the 
paper exceedingly valuable. But it is questionable whether, for the study 
of used lubricating oils or the alteration of these oils during service, a few 
tests under carefully controlled motor operation would not be much more 
useful than numerous data obtained under partly unknown operating 
conditions. 

In considering this point of view I published recently a paper relating 
to crankcase oil ageing,* based on tests with a special set of ship diesel 
engines. This article contains also methods of analysis relating to used 
motor oils, similar in part to those used by the authors. 


* Petroleum, 1946, 9, 226, 255, 278; Maschinenbau u. Warmewirtschaft, 1947, 2, 29. 
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Regarding the determination of asphaltenes and of solid matter, the 
extraction of petrol-ether insolubles with chloroform is, in my opinion, 
better than the benzene extraction, as it is desirable that as much as possible 
of the carbonaceous materials from the sludge must be dissolved. The 
determination of the two components and of the resin content can be made 
advantageously in the same test portion, for example, by the test method 
described in the paper mentioned above. 

As to the determination of acidity, the note that measurable amounts of 
inorganic acids are present in used oils is very interesting. I would like 
to ask if the authors have also made single neutralization-number deter. 
minations on separated sludge and oil components of used crankcase oils, 
Contrary to the views of the authors, my investigations have shown that the 
acidity of diesel engine oils increases constantly with the hours on service, 


Mr R. A. Fraser: I was interested to hear Mr Wilford’s comments on 
the acidity of used oils. My experience has been that, when estimating the 
water content of sludges by I.P. Method 74/45, oxides of nitrogen are some. 
times evolved in sufficient quantity to give visible red fumes in the con- 
denser. It would seem unlikely that the oxides of nitrogen would be bound 
chemically in such a loose condition in the sludge as to be eliminated under 
the conditions of the test, but possibly they are merely in solution. In this 
connexion, I should like to ask the authors of the paper what method they 
used to estimate the acidity in their used oils, since with dark oils the detec. 
tion of the end point is very difficult. 

Finally, I should like to suggest that a Used Oils Panel be added to those 
functioning under Standardization Sub-committee No. 6. 


THe Avutuors, in further reply to the discussion, wrote: The authors 
agree with Mr Chilvers that an examination of oil drainings from a number 
of engines operated on leaded petrol would give interesting data, in addition 
to the one sample (No. 38) which has been drained from such an engine. 

They also agree with Mr Wilford, in that in a corrosion test volatile acids 
would probably be left out of account. The test is merely offered as an 
improvement on the neutralization number. 

The hydrogen-evolution method was used in the attempts to determine 
the proportion of free metal in the inorganic residue, but only as a qualita- 
tive test. No attempt was made by the authors to trace the source of the 
carbonaceous matter found in the oil. No doubt this is a very important 
question and the authors are glad to have heard some very definite views 
on this point in the discussion. It may be possible to obtain conclusive 
evidence by using the $-emitting isotope of carbon (C,,) first in the fuel and 
then in the oil. 

In reply to Dr Matthews’ suggestion on probable agglomeration of 
particles the authors would like to repeat that they believe that the repeated 
application of very effective solvents in the process of separation should 
leave little chance for any agglomerate of inorganic material to survive. 

Dr Wolf has mentioned the desirability of an oxidation test of used oil. 
The authors agree that the effect of filtration on oil stability is a factor 
worth examining and it is possible that a suitable test will be included at a 
later stage in our research. Regarding the harmful effects caused by high 
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viscosity produced by suspended solids the authors feel that the solids 
content of the used oil will express this quality although perhaps not very 
exactly since it is known that such suspensions are likely to give rise to 
complex viscosity effects. 

In reply to Mr Freund the authors wish to state that they were primarily 
interested in the level of contamination of sump drainings and only to a 
lesser extent in the course of deterioration. They are, however, conversant 
with Mr Freund’s work which they have studied recently. Neutralization 
number of separate components of used oils was not determined. With 
respect to the variation of acidity during use, the information given in the 
paper is based on published literature. 

Mr Fraser will find a complete description of the method used in acidity 
determination in the ful version of the paper. 





SUBSTITUTION AND POLYMERIZATION  REAC. 
TIONS OF THIOPHEN AND THE ISOMERIC 
THIOPHTHENS. 


By Joszru Bruce, FREDERICK CHALLENGER (Fellow), Harry B. Grssoy, 
and (in part) WitFrip E. ALLENBY. 


SuMMARY. 

Thiophen is polymerized by anhydrous ferric and stannic chlorides giving 
amorphous solids which have not been freed comptetely from the poly- 
merizing agent. 

Solid thiophthen (thiopheno-2’ : 3’-3 : 2-thiophen) gives dibromo-, di-iodo-, 
and dinitro-derivatives. The halogenation is accompanied by formation of 
polymers, which give a blue colour with sulphuric acid. Similar polymers 
are produced with hydrogen bromide or syrupy phosphoric acid in glacial 
acetic acid and with sodium hypobromite and hydrochloric acid and as by- 
products in the preparation of thiophthenyl alkyl ketones by the Friedel- 
Crafts reaction using stannic chloride as catalyst. 

The corresponding polymers from liquid thiophthen (thigpheno-2’ : 3’-(or 
4’ : 3’)2: 3-thiophen) give a deep red colour with sulphuric acid and in 
benzene solution a magenta-coloured loose addition product with mercuric 
chloride. 

Isomeric dithienyls are contained in the higher boiling fractions obtained 
in the preparation of the thiophthens from acetylene and boiling sulphur. 


PyYRROLE and indole give resins with acids, but polymers can be obtained 
by suitable treatment. Furan yields a brown amorphous product with 
acids. Long standing of thiophen with cold sulphuric acid produces 
hydrogen sulphide and sulphur dioxide ; addition of water then gives a grey 
amorphous insoluble precipitate (Meyer!) which may be a polymer. We 
find no other reference to the polymerization of thiophen in the literature. 

We have obtained solid polymers of thiophen by the action of anhydrous 
ferric and stannic chlorides, but owing to their insolubility the polymers 
have not been freed from about 5 per cent of iron or tin. 

In an attempt to prepare the mono-bromo derivative of solid thiophthen 
(thiopheno-2’ : 3’ : 3 : 2-thiophen) Challenger and Harrison,? Challenger and 
Gibson,* the dibromo-compound was obtained along with an insoluble 
yellow solid unmelted below 270° containing bromine. A more soluble 
product of indefinite melting point containing little or no bromine was also 
isolated. Similar products were obtained from thiophthen and hydrogen 
bromide (dimolecular) or syrupy phosphoric acid (quadrimolecular) in 
glacial acetic acid or with iodine. These all gave a deep blue colour with 
sulphuric acid. ; 

Liquid thiophthen prepared from acetylene and boiling sulphur (Chal- 
lenger and Harrison *) gives a similar polymer with hydrogen bromide in 
glacial acetic acid. A polymerized substance is also obtained as a by- 
product in the preparation of thiophthenyl methyl ketone using stannic 
chloride as a catalyst. These products from liquid thiophthen give a 
reddish-purple solid with mercuric chloride. 

With iodine and yellow mercuric oxide solid thiophthen gives a di-iodo- 
thiophthen and a polymeric substance. The nitro derivative of solid 
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thiophthen (Challenger and Harrison *) gives a di-nitro compound with 
nitric acid (d, 1-52). : 

During the preparation of the thiophthens ffom acetylene and boiling 
sulphur a product is obtained which cannot be separated from liquid 
thiophthen by distillation, nor by freezing, nor by crystallization of deriva- 
tives such as the picrate or styphnate. It is possible that this compound 
may be the third isomer of thiophthen (Challenger and Gibson *) which 
has not been isolated and which has one of the two formule (I) and (II). 


( Je=s 


(I.) (II.) (III.) 


It is, however, very much more reactive than “ solid ” (III.) and “ liquid ” 
thiophthens giving a black resin with hydrochloric acid. This impurity 
is probably responsible for the darkening which slowly occurs on exposure 
of slightly impure solid thiophthen to light or on keeping crude liquid 
thiophthen for several months. It may be removed by addition of mercuric 
chloride to crude liquid thiophthen when a black solid is rapidly formed 
along with some chloromercurithiophthen C,H,S,HgCl. The black solid is 
amorphous and very insoluble. It contains mercury and halogen; analyses 
suggest the approximate composition C,,H,S,HgCl or C,,H,S,HgCl. Long 
heating with hydrochloric acid removes much of the mercury and the 
residue has the approximate empirical formula C,,H,S, which would 
suggest a structure such as (IV.) in which there is a conjugated system of 


8 S 
5 x 8 


S al 
(IV.) (V.) : 
seven double linkages. This demercurated product can again be mer- 
curated. 

The related compounds 2: 2’-dithienylethylene (V. Steinkopf and 
Jacob‘) and diphenyldiacetylene C,H,C—C—C=CC,H, (Strauss 5) were 
prepared and found not to blacken with aqueous mercuric chloride. 

If the crude liquid thiophthen is treated with aqueous mercuric acetate 
a white solid is produced, but this rapidly blackens on addition of hydro- 
chloric acid. The impurity would therefore appear to be a compound 
which is readily mercurated giving a product which very easily polymerizes. 
Attempts to polymerize and remove the impurity without mercuration, by 
the use of hydrochloric acid, were not successful. 

The liquid thiophthen (C) prepared from citric acid and phosphorus 
trisulphide (Challenger and Harrison *) does not contain the impurity which 
blackens with mercuric chloride. 

P. H. Clapham and R. Emmott have shown that on polymerization of (C) 
with hydrogen bromide in glacial acetic acid no intermediate green colour is 

Q 
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produced. The resulting polymer gives a deep-red colour with sulphuric 
acid. 

The presence of traces Sf solid thiophthen may be responsible for the 
green colour produced during the polymerization, by hydrogen bromide in 
glacial acetic acid, of the liquid isomer obtained from the sulphur-acetylene 
reaction (S,). 

Repeated crystallization of the styphnate prepared from the liquid 
isomer (S,) gives a product which behaves towards hydrogen bromide in 
glacial acetic acid exactly as does the thiophthen (C) from citric acid. 
Challenger and Harrison? (pp. 138, 143) state that formation of the 
styphnate removes solid thiophthen. The slight differences in melting 
point observed between various derivatives of liquid thiophthen prepared 
from citric acid (C) and sulphur-acetylene (S,) respectively (Challenger and 
Harrison *) may be due to the presence of traces of the solid isomer in the 
liquid thiophthen owing to insufficient re-crystallization of the styphnate. 


EXPERIMENTAL. 
Thiophen and Anhydrous Ferric Chloride. 

Ferric chloride (5-7 g) was slowly added to thiophen (10-7 g) cooled in ice 
and shaken. When the red mixture was left overnight in absence of 
moisture it deposited a dark brown solid, some hydrogen chloride and 
sulphide being evolved. Traces of thiophen were removed by distillation 
in steam and the non-volatile light brown solid ground and well washed 
with water. The residue, after extraction with carbon disulphide, still 
contained some ferric chloride and was again washed with water. (Found : 
Fe, 2-24, 2-25.) 

On heating with concentrated hydrochloric acid for 8 hours the brown 
solid became black. (Found: Fe, 2-27, 2:25.) After 4 days’ extraction’ 
the iron content was 2-19 per cent and could not be reduced by further 
treatment. 

An earlier preparation richer in iron was also analysed (Found : C, 53:2; 
H, 4:6; S, 34-4; Cl, 2-72; Fe, 4-98 hence the atomic ratios are C, 4-44; 
H, 4-6; S, 1-07; Cl, 0-075; Fe, 0-09.) (C,H,S) requires C, 57-1; H, 4:8; 
S, 38-1. The compound was obviously an impure polymer of thiophen. 

It was apparently stable to hot acid potassium permanganate, but was 
attacked by hot nitric acid. No definite product could, however, be 
isolated. 

Similar results were obtained on repeating this experiment and in 
addition the portion soluble in carbon disulphide was precipitated twice from 
benzene-light petroleum when it formed a pale yellow solid melting at 172° 
with previous sintering. It gave a faint pink colour-with sulphuric acid. 
(Found; C, 58-15; H, 4:55; 8, 36-3. Cale for C,H,S8; C, 57-1; H, 4-80; 
S, 38-1 per cent.) 


Anhydrous Stannic Chloride and Thiophen. 


When stannic chloride (15 g) and thiophen (5 g) were left overnight a red 
solid deposit quickly formed. Excess of the reactants was removed by 
alcohol when a violent reaction occurred and the solid became black. 
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Trituration with water and with hydrochloric acid left a chocolate-brown 
solid containing sulphur, halogen, and tin. Extraction with carbon di- 
sulphide removed a resin. The residue then contained 6-37 per cent of 
tin reduced to a consistent figure of 4-31 by extraction with hot concentrated 
hydrochloric acid. 


Bromination of Solid Thiophthen. 

Solid thiophthen (2 g) in glacial acetic acid (15 cc) was cooled in ice and 
slowly treated with bromine (2:7 g; 1 mol) in the same solvent (15 cc). 
After 30 minutes the pasty-green mixture was diluted with 10 cc of acetic 
acid and poured into water, giving a blue solution and a dark oil. On 
making alkaline with sodium carbonate the solution was purple. Extraction 
with ether yielded a dark oil depositing needles which, after two recrystalliza- 
tions from aqueous alcohol, melted constantly at 128-129°. (Found: §, 
21-61; Br, 54:3; C,H,S,Br, requires S, 21-49; Br, 53-6 per cent.) 

The product was, therefore, a dibromothiophthen. A further quantity 
of the same melting point was obtained from the residual oil on removing 
excess thiophthen in steam. 

Solid thiophthen (5 g) in chloroform (40 cc) was slowly treated with a 
similar solution of bromine (5-7 g; 1 mol). Hydrogen bromide was at 
once evolved and the mixture left overnight, when the liquid and deposited 
solid were dark green. On adding water the solid (X) was dark brown and 
did not melt below 270°. It was partly soluble in benzene and was re- 
precipitated as an infusible and very insoluble yellow solid by light 
petroleum. This contained sulphur and bromine and gave an intense 
blue colour with sulphuric acid. On pouring into water this mostly dis- 
appeared, but the resulting green solid still gave a blue colour with sulphuric 
acid. Alcoholic potassium hydroxide removed no halogen from X. 
(Found: C, 47:15; H, 2-3; 8, 40-0; Br, 11-0 per cent.) The product 
appeared to be a brominated polymer of thiophthen. The dried chloroform 
layer yielded a product (Y; 1 g) which readily dissolved in benzene, and was 
re-precipitated by light petroleum as a pale-green amorphous solid. It 
contained sulphur, but apparently no bromine by the sodium fusion test. 
It melted and decomposed from 120° to 160° and appeared to be a polymer 
of thiophthen similar to that obtained on p. 230 by the action of hydrogen 
bromide in glacial acetic acid. 

Larger quantities of a product identical with or closely related to (Y) 
were obtained by the action of sodium hypobromite solution and hydro- 
chloric acid on solid thiophthen. Treatment with water gave an oil. 
Extraction of this with ether, evaporation of the solvent, removal of 
thiophthen with light petroleum and extraction with benzene finally left a 
dark coloured solid which was extracted with boiling pyridine. Dilution 
of the extracts with water gave a yellow solid which was then precipitated 
four times from pyridine by water. The product gradually decomposed 
above 130°. (Found: C, 52:8; H, 2-7; S, 43-6. Cale for (C,H,S,) 
C, 51-35; H, 2-85; S, 45-8 per cent.) The usual tests indicated absence of 
halogen compounds, but traces may have been present (see p. 230). Sul- 
phuric acid gave an intense blue colour. The product was clearly a slightly 
impure polymer of thiophthen presumably arising by the action of hydrogen 
bromide, 

R 
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Solid Thiophthen and Hydrogen Bromide in Glacial Acetic Acid. 


When thiophthen (1 g) in glacial acetic acid (15 cc) was treated with 5 o¢ 
of a staurated solution of hydrogen bromide in the same solvent, a red 
colour immediately developed becoming dark blue in 10 minutes. After 
30 minutes a deep, blue solid began to separate, the quantity increasing 
overnight. Water was now added, the blue colour disappeared and the 
solid (A) (1-1 g) became pale green. (A) was dissolved in boiling benzene 
and the filtered solution treated with light petroleum giving a yellow solid 
(B) which darkened above 130° and decomposed about 240°. Sodium 
fusion and the copper wire test indicated absence of halogen, but it is 
probable that traces were present (see below). Concentrated sulphuric 
acid gave an intense blue coloration. After four precipitations from 
benzene-light petroleum the apparently amorphous product was analysed, 
(Found: C, 53-2; H, 3-2; S, 43-5. M.wt. (camphor), 294. (C,H,S,) 
requires C, 51-35; H, 2-85; S, 45-8; M.wt., 140.) Three further separa. 
tions from benzene-light petroleum gave a product (C). (Found: C, 52:5; 
H, 3-5; S, 41-65.) An attempt was made to purify C by formation of 
the picrate in boiling benzene. Red crystals separated on boiling, these 
gradually decomposed above 150° and blackened about 200°. With cold 
benzene or alcohol the ingredients were regenerated. The colour produced 
during the polymerizations changes with diminishing concentration of the 
thiophthen from blue through red and purple to green in very dilute solution. 
A purple solution gradually became colourless during nine days and the 
precipitated polymer was green. 


As the analyses given above and on p. 231 indicated that the polymer 
of solid thiophthen was not quite pure a further analysis was made when it 
was found that 2 per cent of halogen was present. (Found: C, 51-55; 
H, 3-15; S, 43-30; Br, 2-00. Cale for C,H,S,, C, 51-35; H, 2-85; S, 45:8.) 


Action of Iodine and Mercuric Oxide on Solid Thiophthen. Di-iodothiopheno- 

2’ : 3’: 3: 2-thiophen. 

Preliminary experiments on the interaction of monochloromercuri- 
thiophthen (Challenger and Gibson *) with iodine in aqueous sodium iodide 
showed that mercury was replaced by iodine giving traces of a white 
compound, m.p. 170°, containing sulphur and iodine and giving, like 
thiophthen itself, a green colour with sulphuric acid. This changed to blue 
after 3 days, presumably due to formation of a polymer. The reaction 
was not studied further. 

Solid thiophthen (3-1 g) in benzene (15 cc) was shaken with yellow 
mercuric oxide (2-4 g) and iodine (5-65 g) these being added alternately in 
small quantities during 20 minutes. After shaking for 2 hours the solid 
was separated, washed with ether, the combined washings and filtrate 
shaken twice with dilute sodium thiosulphate and dried over calcium 
chloride. Evaporation left a solid which was recrystallized four times from 
aqueous alcohol (thereby removing some dark insoluble matter, see below) 
when it melted at 190-5-191° and was almost colourless (0-2 g). (Found: 
C, 18-65; H, 0-8; S, 16-2; I, 65-0. C,H,S,I, requires C, 18-4; H, 0-5; 
S, 16-3; I, 64-8.) A second preparation using 5 g of thiophthen yielded 
0-36 g of di-iodothiophthen. A black solid was again obtained from 
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which distillation with steam, followed by treatment with hot aqueous 
sodium thiosulphate, removed thiophthen and some iodine. Repeated 
extraction with alcohol and then with pyridine and dilution of the extract 
with alcohol gave after two operations a yellow solid decomposing from 
200° to 220° and giving a deep blue colour with sulphuric acid. (Found : 
0, 51:3; H, 2:3; S, 45-1; I, 0-8. Cale for C,H,S,, C, 51-35; H, 2-85; 
§, 45:8 per cent.) The compound is therefore a fairly pure polymer of 
thiophthen. 

The portion insoluble in pyridine was dark brown in colour and gave 
similar results on analysis but was darker. (Found: C, 52-35, 52-0; H, 
2-31, 2-43; 8, 43-5; I, 1-0. Cale for C,H,S,: C, 51-35; H, 2-85; 8, 45-8 
per cent.) Neither of these polymers imparts any colour to the benzene 
layer when mixed with benzene and aqueous mercuric chloride (see p. 232). 

Attempts to reduce the di-iodothiophthen by heating with aluminium 
amalgam and moist alcohol or to prepare dimethylthiophthen by heating 
with sodium or potassium and methyl iodide in ether were unsuccessful. 

Polymerization of thiophthen also occurs when it is boiled with iodine in 
benzene, but the products await examination. 


Solid Thiophthen and Syrupy Phosphoric Acid in Glacial Acetic Acid. 
Thiophthen (3 g), glacial acetic acid (25 cc), and ‘syrupy phosphoric acid 
(25 ec) were heated for 6} hours, left overnight, and then heated for another 
5 hours, the colour changing through deep violet to blue. The mixture 
was poured into water, extracted with light petroleum to remove un- 
changed thiophthen and then with benzene. Ligroin precipitated a yellow 


polymer which, after two similar operations, sintered from 123° to 126° 
and blackened at 144°. It gave a blue colour with sulphuric acid. (Found : 
C, 49-39; H, 2-85; S, 41-57; m.wt. (camphor) 568,573. C,H,S, requires 
C, 51-35; H, 2-85; S, 45-8 per cent, m.wt. 140.) This method of prepara- 
tion, therefore, yields a less pure and more complex polymer than that using 
hydrogen bromide. 


Nitration of Solid Thiophthen. Dinitrothiopheno-2' : 3'-3 : 2-thiophen. 

The mononitro-compound (2-5 g) (Challenger and Harrison,” p. 149) was 
added to nitric acid (d, 1-52). A violent reaction occurred and the mixture 
was then poured on ice. The yellow precipitate melted at 172-178°, but 
after six crystallisations from alcohol formed yellow needles, m.p. 256— 
258°. Two more crystallizations gave a product of constant m.p. 257— 
258° resembling the mononitro-compound in appearance. (Found: N, 
11:8; 8, 27-75. C,H,O,N,S, requires N, 11-9; S, 27-9 per cent.) 


2: 4-Dinitrochlorobenzene and Solid Thiophthen. 


Thiophthen (2 g) and 2 : 4-dinitrochlorobenzene (2-4 g) in nitromethane 
were heated at 100°. On cooling, fine yellow crystals, m.p. 74-75°, were 
deposited, and this melting point was unchanged on crystallization 
from alcohol. On gently heating pure thiophthen sublimed and 2: 4- 
dinitrochlorobenzene was left. 

On boiling with aniline in alcohol for 1 hour and cooling, the characteristic 
red crystals of 2 : 4-dinitrodiphenylamine, m.p. 155-156°, were produced. 
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The compound is thereforé easily resolved into its ingredients. Compare 
Challenger and Clapham.® 


Liquid Thiophthen and Hydrogen Bromide in Glacial Acetic Acid. 

Pure liquid thiophthen (S,, 1 to 2 cc) prepared from acetylene and 
sulphur and purified as described by Challenger and Harrison,? in glacial 
acetic acid was treated with a solution of hydrogen bromide in the same 
solvent (5 cc). A red colour was produced at once. After 2 days a thick 
greenish-blue solid had separated. On pouring into water the blue colour 
disappeared and a reddish solid was obtained. Extraction with benzene 
and precipitation with light petroleum gave a pale yellow product which 
decomposed above 150°. After three further treatments with the same sol- 
vents it was analysed. (Found: C, 52-1; H, 3-2; 8S, 44-55. Cale for 
C,H,S,, C, 51-35; H, 2-85; 8, 45-8 per cent.) 

With sulphuric acid the polymer gave a deep reddish-purple colour. 

On boiling the polymer with 30 cc of 10 per cent alcoholic potassium 
hydroxide for a day hardly any potassium bromide was formed and the 
recovered polymer still gave a pink coloration with benzene and aqueous 
mercuric chloride. 

The polymer suspended in alcohol (10 cc) and heated with sodium 
hydroxide and zinc dust (3 g) appeared to be unchanged, but in benzene 
solution with the same reagents after an hour the recovered polymer gave 
no colour with benzene and mercuric chloride although the characteristic 
red colour was still produced with sulphuric acid. 


Properties of Polymers obtained as by-products during the preparation of the 
Methyl ketones of Liquid Thiophthen obtained from sulphur and acetylene 
and of Solid Thiophthen. 

The ketone was prepared using acetyl and stannic chlorides in carbon 
disulphide (Challenger and Harrison*). During its crystallization from 
alcohol a quantity of a dark viscid oil O separated. This was warmed 
repeatedly with alcohol to remove ketone, and precipitated three times 
from solution in carbon tetrachloride by ligroin, finally being obtained as a 
pale yellow solid which gave a rose pink coloration with benzene and 
aqueous mercuric chloride. It was not further examined. 

That portion of O insoluble in carbon tetrachloride was mostly soluble in 
benzene from which it was precipitated a few times by ligroin, forming a 
pale yellow solid (V,). Some resin which separated during this process 
was dissolved in carbon disulphide and precipitated as a brown solid by 
ligroin (V,). These polymers probably have different degrees of complexity. 
V, dissolved in benzene was shaken with saturated aqueous mercuric 
chloride. A deep purple colour was at once produced and after standing a 
purple solid (X) separated. This was removed, washed twice with water, 
and used for the following experiments : 


(1) On warming X in benzene with an equal volume of water the 
benzene layer became colourless. The colour returned on cooling, 
but with less intensity. The original tint was —— on addition of 
aqueous mercuric chloride. 

(2) A solution of X in benzene lost its colour on warming with 
aqueous sodium hydroxide. In the cold reaction is slower. 
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(3) Dilute aqueous potassium iodide also destroys the purple colour 
of the benzene solution of X. 

(4) Addition of diethyl sulphide to a solution of X in benzene gave a 
white precipitate, presumably (C,H,),S.2HgCl,, and the purple colour 
disappeared. 

(5) X blackened at 123° whereas V, melted about 160° Experi- 
ments 1 to 4 were repeated using the pink compound obtained from 
mercuric chloride and the polymer of liquid thiophthen produced by 
action of hydrogen bromide in glacial acetic acid (see p. 232). 


Stannic or thallic chlorides and V, in benzene gave a purple coloration 
which disappeared on warming and did not return on cooling. Cadmium 
and zine chlorides gave no colour. The ketone of solid thiophthen is 
obtained in a 90 per cent yield by the method of Challenger and Harrison.* 
A small amount of a greenish-blue solid was formed as a by-product and 
on boiling with alcohol left a black insoluble residue. This gave the same 
dark purplish-red colour with sulphuric acid as the black solid obtained 
from aqueous mercuric chloride and the crude liquid thiophthen (S,) 
obtained from acetylene and sulphur. 


The Black Mercurated Compound obtained from Crude Liquid Thiophthen 
from the Sulphur-Acetylene Reaction. 

The crude mixture of thiophthens prepared by the sulphur-acetylene 
reaction (Challenger and Harrison *) was converted to the non-separable 
mixed picrate of m.p. 139-141°. Decomposition of this with sodium 
carbonate yielded the isomeric thiophthens as an oil of b.p. 221-222° (102° 


to 104° at 15 mm). This was repeatedly frozen to remove solid thiophthen, 
and the liquid isomer purified through the styphnate, from which liquid 
thiophthen, at a stage of purification designated by Challenger and Harrison 
as S,, was obtained. This (34-5 g) was treated with saturated aqueous 
mercuric chloride (300 cc) and left overnight. The oil blackened almost 
immediately and gradually became very pasty; some chloromercuri- 
thiophthen C,H,S,HgCl also separated as a white solid. Most of this 
was removed by decantation of the aqueous liquor. The black paste was 
then well-stirred with ligroin (b.p. 40-60°) to remove unchanged oil (S,) 
which then-no longer blackened with mércuric chloride (Challenger and 
Harrison *). Chloromercurithiophthen was removed from the black solid 
(6-2 g) by three extractions with benzene-acetone (100° cc in all). The 
weight was then constant (3-6 g. Specimen A). 

For analysis the solid was mixed with a little water and potassium 
permanganate (0-5 g) and sulphuric acid (2 cc) added. On warming 
manganese dioxide was precipitated and further quantities of permanganate 
(0-5 g) added until no further reduction occurred. Excess permanganate 
was then removed by alcohol, the mixture filtered, the precipitate washed, 
dissolved in hydrochloric acid, and the solution added to the filtrate and 
washings. Mercuric sulphide was then precipitated and determined as 
usual. (Found: C, 28-95; H, 1-4; S, 24-25, 24-30; Hg, 35-5, 36-45; Cl 
(by difference) 9-45. These figures give a ratio of C, 13-4; H, 7-9; 8, 42; 
Hg, 1:00; Cl, 1-5. Say C,s (or ,4) H,S,HgCl.) 

Another preparation (B) of the black solid which had undergone a similar 
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process followed by short treatment with dilute hydrochloric acid was 
analysed. (Found: C, 31-6; H, 1-5; 8, 27-1; Cl, 6-1; Hg (by difference) 
33-8. Ratio C,;..3¢ H,S;HgCl.) This sample was then heated for 
several hours with hydrochloric acid and again analysed giving Sample C 
which undérwent two more prolonged treatments with hydrochloric acid to 
remove combined mercury giving Samples D and E. (Found: Sample C— 
C, 47-8; H, 2-25; 8, 37-60; Cl, 3-2; Hg (by difference) 9-1. C,3.;H,S,.) 
(Found: Sample D—C, 50-9; H, 2:3; S, 40-3; Cl, 2-05; Hg (by difference) 
4:5. C,3.;H,S,.) (Found: Sample E—C, 50-4; H, 2-0; 8, 38-95; Cl, 
15; Hg (by difference) 7-2. C,,H,S,.) In each case the HgCl ratio was 
a fraction. C was washed with sodium hydroxide, water, and dilute nitric 
acid (1:1). The nitric acid gave no mercurous chloride or oxide with 
hydrochloric acid or sodium hydroxide. 

Specimen A (1-32 g) was heated at 100° for 44 days with concentrated 
hydrochloric acid (60 cc). This reduced the weight to 0-72 g constant. 
The product (AA) was brownish-black in colour, readily decolorized bromine 
water and with sulphuric acid, gave a plum colour which was much less 
intense than that given before treatment with hydrochloric acid. (Found: 
C, 47-9; H, 2-1; 8, 36-8, 37-3; Hg(Cl (by difference) 12-74. C,,H.S,.) 

The black solid even after four treatments with concentrated hydro- 
chloric acid is probably not free from mercury, but the analyses would 
suggest C,,H,S, as the empirical formula for the mercury-free compound 
and C,,H4(H,)8,HeC! for the mercurated compound. The insolubility 
of the compound greatly increased the difficulties of manipulation and of 
interpreting the results. 


Remercuration of the Black Solid Extracted with Hydrochloric Acid. 


The solid AA (0-1072 g) was warmed with saturated aqueous mercuric 
chloride (25 cc) and water (10 cc) for 2 days at 100°, separated, well-washed 
with water and dried (0-2176 g). After a further 4 and 4} days, the weights 
were 0-2617 g and 0-2622 g respectively. The final product did not give a 
plum colour with sulphuric acid. 


Crude Liquid Thiophthen (S,) and Aqueous Mercuric Acetate. 


With cold, saturated aqueous mercuric acetate a white solid formed at 
once. After some time this was separated and washed with ligroin and the 
unchanged oil recovered from the washings. This oil did not blacken with 
mercuric chloride, indicating that the impurity which does so blacken 
had been removed in combination with mercuric acetate, as a white com- 
pound. In agreement with this conclusion the white mercuriacetate 
blackened immediately on treatment with cold concentrated hydrochloric 
acid and also with cold dilute acid of concentrations greater than | : 1, but 
hot dilute acid caused blackening in a concentration of 1:5. The white 
mercuriacetate was not blackened by concentrated ammonia indicating the 
absence of mercurous compounds (see above for evidence as to their absence 
from the black solid). The mercuriacetate was insoluble in all the common 
solvents and was not converted to a mercurichloride on boiling with 
alcoholic calcium chloride for 1 day. 
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Action of Acetylene on Boiling Sulphur. Isolation of the Isomeric Dithienyls 

(W. E. Allenby). 

After the separation of the isomeric thiophthens (Challenger and 
Harrison *) and of an orange solid (forthcoming publication) from that 
portion of the reaction product which is volatile in steam, fractions accumu- 
lated of boiling point range from 129° to 162° at 18mm. All these solidified 
in ice. Those of b.p. 129-145° gave a light yellow, and those of b.p. 145- 
150° an orange-yellow deposit. Those of higher boiling point deposited the 
“ orange solid.” 

The light yellow product, m.p. 53-58°, was distilled in steam giving an 
almost white solid which was very soluble in most organic solvents. After 
twelve recrystallizations from methyl alcohol the melting point was 98-104°. 
Its odour was similar to that of 2 : 2’-dithienyl, it gave a yellow colour with 
sulphuric acid, and a purple indophenin reaction. It did not form a picrate 
and appeared to be a mixture of the isomeric dithienyls. Two separate 
fractions (a) m.p. 55-62° and (b) m.p. 91-98° were analysed. (Found for 
(a): C,57-6; H, 3-9; 8, 38-15; for (6) C, 57-45; H, 3-7; 8, 38-7. Cale for 
C,H,S,: C, 57-75; H, 3-6; S, 38-65 per cent.) 

Auwers and Bredt? crystallised a mixture of dithienyls (obtained by 
Nahnsen ® by passing thiophen through a hot tube) from glacial acetic 
acid and obtained fractions of m.p. 127-128° and 44-48°. 3 : 3’-dithienyl 
melts at 132° and the 2 : 2’-compound at 33°.® 

The authors thank the Institute of Petroleum for a grant in aid of this 
investigation. 
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OBITUARY. 


THOMAS CASSINET PALMER. 


Tuomas Cassinet Patmer, a Founder Member of the Institute, g 
Member of Council from 1914 to 1925 and a Member of the Election an 
Finance Committees over the same period, died on February 4, 1948, in 
his eighty-eighth year. a 

In the petroleum industry he was well known as a partner in the firm 
of W. J. Fraser & Co., and became one of its directors when the company 
was incorporated in 1904. In 1910 and 1911 he visited the Baku refinerigg ’ 
and other oil centres in Russia in connexion with work then in ial 
He was instrumental in supplying much equipment to petroleum refinerieg 
and storage installations in Great Britain and also in many overs 
countries. Prior to the first World War T. C. Palmer had negotiated a 
tri-partite agreement for the manufacture of petroleum equipment in 
. Britain between Albrecht von Groeling of Austria, Gebrendre Stork ¢ 
Holland, and W. J. Fraser & Co. of Dagenham. Unfortunately the out. 
break of war in 1914 prevented the agreement from being executed. 

He collaborated with Dr F. Mollwo Perkin and M. Fenchele in the 
development of a process for high- -pressure cracking. A plant operating” 
this process was erected and operated in the early part of 1914 with very 
successful results. Again, the advent of war caused the abandonment of 
the project. ; 

During the 1914-18 war T. C. Palmer acted as an adviser on petroleum 
matters to the Government and carried out a considerable amount of 
investigatory work. This work was particularly in relation to the low- 
temperatiire carbonization of brown coal, but plans for increasing fuel 
resources by this method were rendered abortive by the end of the war. — 

Although he retired from active work in 1925 it was not until 1932 that. 
he finally retired from his directorship of W. J. Fraser & Co. 

During his early days in the petroleum industry, T. C. Palmer came 
into close contact with Sir Boverton Redwood and was one of those who 
was approached when the formation of an institution was propounded. 
In fact as early as 1904 he was one of those who had agreed to join what’ 
was then to be known as the Institution of Petroleum Engineers. He was 
co-author with Dr F. Mollwo Perkin of a paper on “ The Chemist and’ 
Engineer in Relation to the Petroleum Industry,” which was read before 
the then Institution of Petroleum Technologists on May 20, 1919. 

His latter years had been spent in retirement at Hove. With his passing 
the industry loses another of its pioneers. 








